Sedimentary Petrography and Depositional History of Cretaceous Sediments in Rajpipla-Jobat Area, Lower Narmada Basin by Khan, Mohammad Mujtaba
SEDIMENTARY PETROGRAPHY AND 
DEPOSITIONAL HISTORY OF CRETACEOUS 
SEDIMENTS IN RA3PIPLA-30BAT AREA, 
LOWER NARMADA BASIN. 
ABSTRACrr 
THESIS SUBMITTED FOR THE DEGREE OF 
Bottor of $j)ilosJopt)j» 
IN 
Mohammad Mujtaba Khan 
FACULTY OF SCIENCE 
DEPARTMENT OF GEOLOGY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH, INDIA 
i9eo 
A B S T R A C T 
The thesis mainly deals with petrography and depositional 
history of the Cretaceous sedimentary rocks in the Rajplpla-Jobat 
firoa of the lower Narmada basin. The study is based mainly on 
measurements of li thostratigraphic sections, and thin section petro-
graphic study. 
Eleven well exposed sections in the study area were 
measured and described. Their thicknesses range from 10.5 to 63 m. 
They consist of mainly sandstones interbedded with subordinate 
shales and carbonate rocks. The emphasis is therefoe on sandstones. 
Textural study of the sandstones included grain size 
analysis and estimation of roundness and spherici ty. The sandstones 
are generally fine to medium grained, moderately well to moderately 
sorted, fine skewed to near-symmetrical and platykurtic to lepto-
kurtic. The grains are generally subangular to subrounded. Two-
thirds of them are of low sphericity and one-third of high 
spherici ty. 
Vertical variation in grain size parameters was studied at 
six localities with sufficient data. On the basis of vertical variabi-
lity of grain size parameters, one or more depositional units were 
rocognised in each section. Some units show an upward increase or 
(i(,'croaso in mean size and sorting. However, in many depositional 
units vertical trends are not clear, especially in the case of skewness 
and kurtosis. 
Detrital composition of the sandstones was studied with a 
view to interpreting the plate tectonic setting of their provenances 
and to analysing the influence of other factors on composition of the 
sandstones. The sandstones are 88 per cent quartzarenite, 7 per cent 
subarkose, 3 per cent sublitharenite and 2 per cent arkose. 
Modal composition of the sandstones matches the composition 
of basement rocks. The later comprise granites and gneisses of Lower 
Proterozoic - Archean, Low grade meta-sedimentary rocks of Middle 
Proterozoic Aravalli Supergroup and Champaner Group, and Middle 
and Upper Proterozoic granites and ultrabasic rocks. The sediments 
were yielded both by meta-sedimentary/sedimentary cover rocks 
(Aravalli Supergroup) and the basement granite gneiss. The sand derived 
from cover rocks show affinity with detritus shed from recycled orogen. 
Desti^uction of felspar under humid tropical palaeoclimate 
and by leaching during diagenesis has been responsible for the 
generally highly quartzose nature of the sandstones. Compositional 
maturity of the sandstones does not match i t s textural maturity. Most 
samples are texturally immature to submature with subrounded to sub-
angular grains. The sands were locally derived and were not subjected 
to much reworking. The sandstones do not represent highly mature 
detritus of a truly stable platform succession. 
An integrated petrofacles approach suggests that the sediments 
were derived from two sources-highly weathered basement rocks and 
fault-bounded basement uplift. The sediments accumulated without much 
transport and reworking within the incipient rift belt of the Narmada 
basin. The originally quartzo-felsphatic sands derived from uplifted 
granite-gneiss sources were modified by diagenetlc processes, especially 
leaching and destruction of felspars. Only a few arkosic sandstones 
are s t i l l preserved. These, together with high ratio of polycrystalline 
to monocrystalline quartz in some samples evidence tectonically active 
terrane. 
In the Early Cretaceous, the Narmada area was located in 
the heart of Gondwanaland and the climate was humid tropical. The 
area was peneplaned and must have been a craton for a very long 
t ime. Except for the Cretaceous sediments, there is no rock-record 
of any sedimentary basin earl ier to Precambrian. The Late Cretaceous 
Narmada basin originated on an Early Cretaceous peneplane as an 
incipient rift along the ancient line of weakness, the Narmada-Son 
lineament, as a result of intraplate s tresses generated prior to break-
up of the Gondwana continent and extrusion of basaltic flows which 
are dated 69-65 Ma. The Late Cretaceous Narmada basin was more 
like an elongate embayment following roughly the Narmada lineament. 
The basin opened westward into a shallow shelf sea and 
westerly regional palaeoslope is evidenced by a gradual drop in 
elevation of the basement and considerable thickining of the Cretaceous 
sedimentary sequence towards west. In the context of tliis regional 
setup sediment was dispersed within the Narmada basin mainly down 
the westerly regional palaeoslope, and rarely up-slope. 
Palaeocurrents reconstructed on the basis of large-scale cross 
bedding azimuths lie parallel to the elongation of the sand bodies 
which represent channel f i l ls . The channels were tidally influenced 
and 180" reversal of currents was common within the channels. The 
channels flowed both across and along the Narmada basin. The along 
channels were larger, deeper and being estuarine had a greater marine 
influence. The across channels were shallow, braided and brought 
sediment from the Satpura highlands located towards south. 
Five types of clastic facies and two essentially carbonate 
facies were identified. The clastic facies include, planar and tabular 
cross bedded sandstone facies, trough cross bedded sandstone facies, 
f laser / r ipple bedded sandstone facies, horizontal bedded sandstone 
facies and laminated siltstone-shale facies. Carbonate facies are 
represented by terrigenous micrite and fossiliferous wackestone/ 
packstone. 
A broad cyclic association of facies is discernible in the 
various measured sections, especially in the eastern part of the study 
area. The various facies can be arranged into two types of associations: 
an upward fining facies sequence and a carbonate-shale association. 
The upward fining facies association originated in larger, deeper 
r 
estuarine channels that flowed westward, along the basin. Towards 
the southern margin of the basin, braided channels drained the Satpura 
highlands. Being located in the coastal zone, these channels were 
also tldally influenced. The braided channels dominated the western 
part of the area. The interchannel areas, especially in the estuarine 
part , was occupied by mud flats. When channels migrated and supply 
of clastic sediment ceased, sediment of carbonate-shale association 
was deposited in shallow ponds, lagoons and bays. 
After deposition, the sediments were bur/ied upto an 
approximate depth of 2000 to 3000 m, as i s evidenced by average 
volume of porosity reduction and nature of grain to grain contacts. 
Three types of cements occurring in the sandstones include, in order 
of their formation, quartz, iron oxide and calcite. 
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CIIAPTfiR I 
INTRODUCTION 
CRETACEOUS PALAEOGEOGRAPHY 
The Cretaceous time represents one of the most important 
periods in the geological history of the Indian subcontinent. It was 
a period of tectonism, initiation and development of new sedimentary 
basins, and two episodes of widespread flood-basalt extrusion. These 
manifestations appear to be related to the break-up of the Gondwanic 
greater Indian continent, resulting in development of pericratonic basins, 
shelfs, and a few narrow intracra tonic rift basins, and creation of 
the Indian ocean and Neotethyan oceans (Fig. 1) . 
Linear northeast - southwest, east-west and north-south trend-
ing intracratonic fluvial and fluvial to shallow-marine basin-belts were 
formed prior to and mainly during the Aptian. Widespread flood-basalt 
extrusion occurred during the Aptian (113-116 Ma) along some of these 
belts and in some surrounding areas in eastern and northeastern India 
(Acharya, 1989). 
A few Albian to Coniacian shallow-marine troughs and shelfs 
were formed, superimposed over Early Cretaceous basin belts and 
broadly maintaining the earl ier basin elongation, but limits and axes 
of the basins were modified. The Central Indian marine trough 
superposed over Early Cretaceous fluvial basin had opening to the 
west. However, Rana and Sahni (1989) suggested that the occurrence 
of typical marine elements, such as algae, fishes and foraminifera 
pointed to the existance of a shallow epicontinental seaway across 
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Fig. 1 Generalized tectonic map of India (Compiled mainly from tlio tectonic 
map of India by the Geological Survey of India, 1963 and Oil and 
Natural Gas Commission, 1968). 
the India Peninsula during Upper Cretaceous- Early Paleocene times 
that connected the Godavari Shelf and the Katch-Sind- Rajasthan Shelf 
(Fig. 1 ) . The seaway was controlled by two well-known structural 
rift zones, the Narmada-Son lineament and the Godavari lineament. 
In the later phases the s trai t was increasingly restricted to the 
mouths of the Godavari and Narmada r i ve r s . 
The Cauvery basin along the East coast became connected 
with the South Shillong shelf of NE India. Some transgressive-
regressive phases have been recognized in the Cauvery basin during 
Cenomanian to Santonian. Campanian-Maestrichtian shallow shelfs have 
been recognized from the Cauvery basin and south Shillong front. The 
shelf became wider in the Cauvery basin. In the Godavari coastal 
region, a very narrow shelf developed that assumed outer bathyal 
depth close to the basin margin. 
There was extensive flood-basalt extrusion during Maestri-
chtian, mainly in Western India and also along parts of the East coast 
basin that now developed as a pericratonic shelf. There was 
widespread regression during Maestrichtian in Central and Western 
India. Late Maestrichtian was a regressive phase in the Cauvery basin. 
The South Shillong shelf deepened during the Maestrichtian, and there 
was uninterrupted sndimentation across the Cretaceous-Tertiary 
boundary. 
A fluvial to shallow-marine basin was formed along the 
southern margin of the present Himalaya, superposed over a Late 
Palaeozoic failed rift-related basin. Basic volcanic rocks were locally 
extruded along this belt . The Tethyan Himalayan marlno shelf was 
very shallow during the Neocomian to Albian, but Its northern parts 
deepened since Cenomanian and some parts assumed bathyal depths 
during the Campanian-Mestrichtian. 
Several areas of Peninsular India were invaded by Cretaceous 
seas. Those parts of Rajasthan, Sind, and Kutch which were trans-
gressed during the Jurassic, continued to receive sediments in the 
Cretaceous. Regression had begun, however, so that marine Cretaceous 
strata are neither as thick nor as widespread as the Jurassic beds. 
The site of active and extensive marine sedimentation during the 
Cretaceous shifted from the Kutch-Slnd-Rajasthan region to South India. 
There is a fairly extensive development of marine Cretaceous in Kutch, 
Kathiawar, and along the Narmada valley .However, the thickest (about 
4000 m thick) marlno Cretaceous sequence, almost continuous from 
Upper Albian to Maestrichtian, occurs in the Cauvery basin at the 
Eist coast of India. 
NARMADA - SON LINEAMENT 
The present day Narmada basin is a geomorphic expression 
of remarkably straight Narmada-Son lineament zone running in an ENE-
WSW direction across the central part of the Indian Peninsular Shield 
for a distance of about 1200 km. Tho lineament is romarkable for 
i ts extension, span of age, its influence on Precambrian and Phanerozoic 
sedimentation, and i ts association with Deccan Trap volcanism (Crawford, 
1978). The lineament zone is divisible into several lonf^ i tudinal fault-
bound blocks which are divided into sub-blocks by a large number 
of cross-faults (Murty and Mishra, 1981; Das and Patel, 19B4), 
The lineament has existed since Early Precambrlan, and sub-
sequently reactivated from time to time (Murty and Mishra, 1981). 
The activity had been very pronounced in the post-Deccan Trap period 
and continued through Tertiary and Quaternary times (Shanker, 1990). 
The lineament was reactivated during continental breakup process and 
eruption of flood basalts, the Deccan Traps (Maestrlchtlan). Narmada 
graben fault coinciding with the lineament, was formed after the Deccan 
Trap eruptions and represents even later extenslonal activity guided 
by the old crustal flaw. The age of the graben faults, deduced from 
geomorphic studies of the major r iver system, indicate that at least 
some of the movements took place in Plelstocehe times (Choubey, 
1989). Rapid intermittent drift of Gondwanide plate led to interplate 
movements resulting in repeated rejuvenation of the prominent NE-SW 
basement and cover structures in the Peninsular Shield. 
Movement directions in the lineament zone are uncertain. 
Crawford (1975) described sinistral transcurrent movement of about 
450-500 km along the lineament, culminating at about 750 Ma B.P. 
Das and Patel (1984) found mostly right - lateral s t r ike - slip move-
ments on faults oriented parallel to the lineament. Left-lateral motion 
was proposed for conjugate shears oriented NW-SE. Many of the faults 
in the lineament zone have dip-s l ip components, and the present valley 
is clearly a rift valley (Naqvi and Rogers, 1987). 
ORIGIN OF NARMADA BASIN 
There is no rock recod within the Narmada basin of a very 
long interval of tinio extending from Upper Proterozoic to Upper 
Cretaceous (Turonlan), and history of evolution of Iho ijasin during 
this interval is a matter of speculation. A survey of published work 
shows that the Narmada rift basin originated mainly In the post-
Deccan Trap period, Extrusion of Deccan flood basalts (69-65 Ma) 
was contemporaneous with the phenomenon of continental rifting and 
the break of Seychelles block from mainland India (Slnha, 1990). 
Deposition of fluvio-marine Cretaceous sedimentary rocks (Nimar, 
Bagh and Lameta) preceded the Indian plate movement and extrusion 
of Deccan flood basalts. The Turonian sedimentary basin originated 
on an Early Cretaceous peneplane, as an Incipient rift along the 
ancient line of weakness, the Narmada-Son lineament, as a result 
of intraplate stresses generated prior to continental breakup and 
extrusion of basaltic flows. 
The architecture of rift-basin fills* is well documented on 
the basiss of modern and ancient examples (Miall, 19B5; Ingersoll, 
1988). The Cretaceous sedimentary succession of the Narmada basin 
does not match a typical rift-basin f i l l . However, as discussed in 
Chapter IV of this thesis , petrofacies evidence do sugfj(3st fault-
bounded uplifts and tectonic activity within the basin. The Turonian 
basin was more like an elongate embayment following roughly the Narmada 
lineament, as earlier suggested by Singh (1981). The embayment 
opened westward into a shallow shelf sea, and the sea transgressed 
qviite far into the embayment during Turonian, exlonding upto 
Barwaha and even upto Jabalpur. 
CRETACEOUS SEDIMENTARY SEQUENCE 
Occurrence and subdivision 
Exposures of Cretaceous sedimentary rocks occur in a 
series of widely spaced, isolated patches confined to a narrow 
belt within the ENE-WSW oriented linear Narmada basin. The Lower 
Narmada basin extends from the Gulf of Cam bay in the west to 
Barwaha in the east, covering a distance of about 350 km (Fig.2). 
The Cretaceous sedimentary esequence is well developed near Bagh 
town lying to the east of the study area (Fig. 3) , and is informally 
referred to as 'Bagh beds ' . It was originally mappod by Blanford 
(1869) and Bose (1884), and lately by Roy Chowdliury and Sastry 
(1962). 
The Cretaceous sedimentary sequence rests uncon-
formably over the Precambrian basement, the latter comp-
rising granites, gneisses, phylli tes and quartzites (Fig.4) . The 
sequence though thin, shows much lateral variation in lithology. 
It begins with the Nimar Sandstone which comprises mainly sandstone 
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lying s t ra ta (After Robinson. 1967). 
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and shales and locally developed conglomerates. The thickness of 
Nlmar Sandstone is highly variable as the formation rests on an uneven 
Precambrian basement. However, there is a general thickening of 
the Nimar Sandstone from a few metres in the east to a few tens 
of metres in the west. Farther west, beyond Rajpipla, the basin 
is covered by recent alluvium; subsurface data based on drilling 
by Oil and Natural Gas Commission of India has demonstrated the 
presence of 128 m thick Nimar Sandstone underlying the Deccan Traps, 
near Baroda (Dhar and Singh, 1990). The undoubtedly marine 
Cretaceous sequence, well known in Indian geology as 'Bagh beds ' , 
overlies the Nimar Sandstone. 
The various subdivisions of the Cretaceous sedimentary sequence 
in the Lower Narmada basin have been summarised in Table 1. 
Table 1. Generalised stratigraphic succession in the Lower Narmada 
Basin of India, (After Biswas and Deshpande, 1983). 
Ago Group Formation 
Recent to 
Sub-Recent 
Upper Cretaceous to 
I'aloocene 
Unconformity 
Unconformity 
Alluvium, Laterites and 
gravels 
Deccan Trap Formation 
(Flood basalt extrusives] 
Upper Cretaceous Bagh Group Lameta Formation 
(Navagam Group in Coralline Limestone 
Western part) Nodular Limestone 
Unconformity 
Lower Cretaceous Nimar Group Uchad/Umrali Flagstone 
(Songir Group in Nimar Sandstone 
Western part) Songir/Himatnagar 
in Western Part) 
Unconformity 
Precambrian basement 
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Fauna and Age 
Dassarma and Slnha (1970) aSvSlgned an Upper Cretaceous age 
to the Nimar Sandstone on the basis of marine fossils In i ts upper 
part . The fossils comprising ammonites, shark teeth and bivalves 
indicate a Cenomanian-Turonian age (Chiplonkar et a l . 1977), and 
nannoplanktons a Turonlan age (Jafar, 1982). Rest of the Nimar Group, 
below the fossiliferous beds, is considered as Albian on the basis 
of i ts stratigraphic position (Chiplonkar et a l , 1977), but it could 
be older upto Hauterivian or Wealden as suggested by some plant 
fossils (Sahni, 1936, Murty et a l , 1963). 
Trace fossils recorded by Chiplonkar and Badve (1970) and 
Singh and Dayal (1979), though of environmental significance, do not 
throw any light on the age of the formation. Fixing the precise age 
of a large part of the Nimar Sandstone is made difficult by the 
scarcity of fossils but most workers agree dn a broad Lowor Cretace-
ous age. 
The Bagh beds overlying the Nimar Sandstone contain abundant 
fossils which have been studied for the last almost one century 
starting with Duncan (1887). Major contributions to the age and fauna 
of Bagh beds have been made by Chiplonkar and his coworkers who 
have also presented a review of the problem (Chiplonkar ct a l , 1977; 
Chiplonkar, 1980). Other important contributions during the last few 
decades include those by Verma (19B8), Jain (1969), Murty et al 
(1963), and Sharma (1976). Despite conflicting faunal evidences for 
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the precise age of thescD beds, it Is generally agreed that Bagh beds 
extend from Cenomanion to Turonian (Chlplonkar, et a l , 1977). 
The Bagh fauna shows close affinity with the Cretaoeous fauna 
of Europe and Arabia and with some elements in the Cj'dlnceous of 
South India also. Some workers believe that practically no connection 
existed between the Gulf of Tethys which penetrated into the Narmada 
basin and the Indo-Pacific Sea which flooded the east coast of south 
India and the Assam region. Verma (1968) suggested, on the basis 
of fossil fishes, that as a result of the breakup of Gonwanaland, 
the two regions were linked by a s trai t during Turonian times which 
allowed the intermingling of the faunas. He regarded the comparatively 
thin succession of the Bagli beds as a condensed sequenco homotaxial 
with the thick development of the Upper Cretaceous In south India. 
Oepositional Environments 
The lower part of the sequence, the Nimar Sandstone, is 
generally regarded as a fluvial deposit. (Pascoe, 1959, Robinson, 
1967, Biswas and Deshpande, 1983). On the basis of sedimentological 
and fades variation studies, Raiverman (1975) suggested both fresh-
water and marine environments. Singh (1981) advocateu an estuarine 
complex model for the deposition of Cretaceous rocks of the Upper 
Narmada basin. He stipulated the influx of fresh water In the upper 
Narmada basin (Lameta Formation) which may explain I he general 
absence or scarcity of megafossils and microplanktons in these 
sediments. In contrast, westwardly lying sedimentaries of i.ower Narmada 
basin (Nimar Sandstone and Bagh beds) supported a rich Invertebrate 
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and microplanktonic community; the water depth may not have exceeded 
a couple of metres. Singh and Srivastava (1981) suggested that the 
Nimar Sandstone, passes over from fresh water facies (lower part) 
to shallow marine facies ranging from intertidal to inner sublidal (upper 
pa r t ) . The overlying Bagh beds were generally deposited in shallow 
marine environment as is evidenced by sedimentary structures, textures, 
fauna and trace fossils. 
Dadve and Ghare,(1978) based on the presence of Oyster beds 
in the entire Narmada sequence and presence or absence of fossils 
have interpreted three regressive phases and proposed intertidal to 
deeper water environment of deposition. 
According to Chiplonkar et a l . , (1977) trace fossils and the 
Oyster beds occurring in the Nimar Sandstone as far as Bagh area in 
the east, show how deep inland the marine transgressive waters had 
penetrated The lowest Oyster bed occurring in the Bagh area marks 
the first marine interruption in the course of deposition of the otherwise 
fluviatile Nimar Sandstone. But with the deposition of the trace fossils 
horizon near the top of the Nimar Sandstone, marine conditions were 
established and later transgressions and regressions were only short 
pulses demonstrating the changes in depth only»The ichno species occuring 
in the upper part of the Nimar Sandstone and in the ovorlying Bagh 
beds belong to the Cruziana facies which generally characterise shallow 
sublittoral zone below wave base. 
Guha and Ghose (1975) suggested, on the basis of their study 
of cheilostomes, that the Bagh sediments were laid down In shallow 
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and mainly quiet waters, though moderate wave energy existed as Is 
evidenced by the fragmentary nature of bryozoa colonies, 
LOCATION OF THE STUDY AREA 
The study area Is located between the towns of Rajpipla 
and Jobat, In the Lower Narmada basin (Fig. 3) . West of the study 
area, the basin Is mostly covered by recent alluvium except for a 
large outcrop area near Naswadi described by Ahmad and Akhtar (1990, 
in p ress ) . East of the study area Is located the Bagh area, the type 
area of Bagh ' b e d s ' . The geographic coordinates of the westernmost 
locality, Surpan and the easternmost locality, Tamrla are respectively 
21°49'N, 73°48'E and 22°6'N, 74°35'E. 
Due to easy accessibil ty, both Naswadi and Bagh areas have 
been studied in some detail by earl ier workers. Not much attention 
has been paid to the Cretaceous sedimentary rocks occurring in the 
intervening area. Therefore, the area was selected for detailed sedi-
mentological investigation, especially with a view to studying the fades 
variations. In the study area, the sedimentary sequence outcrops mainly 
as inliers among the Deccan Traps. The Frecambrian basement is rarely 
exposed. 
AIM AND SCOPE OF THE STUDY 
ff 
The Nimar Sandstone and the overlying Bagh Group form a 
thin Cretaceous sedimentary sequence which is the only available rock 
record over a very long interval of time, i . e . , between the) underlying 
16 
Precambrian basement and the overlying Maestrichtian flood basalts . 
The sequence was deposited during the global Cretaceous marine trans-
gression, along the Narmada basin which was located in the heart 
of Gondwana at that time. Detailed sedlmentologlcal study of the 
sequence was taken up with a view to reconstructing the depositional 
history of the rocks in the context of ancient palaeogeographic and 
tectonic setting. 
The study was carried out mainly on sandstones because their 
good outcrops are available in the area. Conglomerates are locally 
developed and form very thin units. Data on shales is deficient because 
they could be studied only at few places where good exposures are 
available; In most outcrops they are highly weathered and covered 
by soil - rock debr i s . In addition to terrigenous elastics, some 
carbonate rocks also occur in the sequence. In view of the emphasis 
on sandstones, and a lack of uniform nomenclature for thorn, a general 
term 'Cretaceous Sandstones' has been used in this thosls . However, 
the sandstones and associated clastic and carbonate rocks are generally 
designated 'Nimar Sandstone' in the study area. 
Lithostratlgraphlc sections were measured at elevon localit ies. 
Details of lithology, nature of contacts, bedding types , sedimentary 
structures and geometry of the stratigraphlc units were recorded at 
each locality, and wore illustrated by graphic columns. 
Texture of the sandstones and i ts modification by diagenetic 
processes was studied with a view to generating basic data on the 
rocks; interpreting the hydrodynamic conditions, processes and 
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environments of deposition, and understanding the diagenetic his tory. 
Grain size parameters including graphic moan, v inclusive 
graphic standard deviation, inclusive graphic skewness, and graphic 
kurtosls (Folk, 1980) of the sandstones were determined l)y measuring 
grain size in 91 thin sections. Emphasis was given to vertical var iabi-
lity of grain size, instead of directly recognising depositlonal environ-
ments on the basis of bivariant plots or mathematical formulae. 
Roundness and sphericity of detr i tal grains were estimated in 76 thin 
sections of the sandstones. 
Facies-wlse variation in grain size parameters was also 
studied. Six combinations of the four size parametres were plotted as 
scatter diagrams to evaluate their interrelationship and their effective-
ness In differentiating between the sedimentologlcal boliavlour of the 
various types of the studied f ades . 
Diagenetic modifications of the sandstone texture was studied 
with respect to two main processes - compaction and cementation. Grain 
to grain contacts were classified and counted, and providud information 
about pore space reduction and compactional history of the sediments. 
The effects of mean alzo, roundness and sorting on comfiaction of the 
sandstones were also evaluated. An estimate of the depth of burial 
of the sandstones was made on the basis of pore volume reduction. 
Types of cements in the sandstones and their paragenesis was determined. 
Quantitative detr i tal modes calculated from point counts in 
114 thin sections wore employed to construct petrofaclos and Interprete 
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sandstone provenance. Tlie provenance composition inferrud with the 
help of detr i tal mineralogy was matched with the composition of 
basement rocks. PetrofacJes were employed to infer the pnlneotectonic 
setting of the basin. Ilowover, influenco of other sedlmentolofiical factors 
on sandstone composition, especially palaeo climate, dopositional 
processes and diagenetic changes, was cri t ically evaluated. 
Palaeocurrents and sediment dispersal patterns were 
reconstructed on the basis of 140 cross bedding azimuths collected 
on large scale cross bedding observed at eleven locali t ies. The azimuths 
were measured directly on foresets of planar cross bedding. Azimuths 
of trough axis were measured where trough cross bedding was observed 
on ' a b ' plane. The palaeocurrent data was employed to collect 
information on various aspects of basin development such as palaeo-
geography and direction of local or regional palaeoslope, depositional 
environment, direction of sediment dispersal and sediment provenance, 
and geometry and trend of sand bodies. 
Six types of clastic fades and two essentially carbonate 
fades were recognised on the basis of various sedlmontological 
a t t r ibutes , with emphasis on sedimentary structures and bedding 
sequences which are considered the most important tools lor interpretation 
of depositional environment. The fades sequences and associations were 
established which also helped in determining cyclicity of the 
sedimentation. 
Finally, all the sedimentological and strat igraphic information 
collected was syntheslsed into a depositional model of the study area 
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which provided an Insight Into the deposltlonal history of the Lower 
Narmada basin during the Cretaceous. 
CHAPTER - II 
LITHOSTRATIGRAPH Y 
I N T R O D U C T I O N 
The Cretaceous sedimentary rocks in the study area, outcrop 
in patches surrounded and overlain by the Deccan Traps (flood basalts) 
and recent alluvium. Eleven strat igraphic sections of the Cretaceous 
sedimentary sequence were measured at different localities in the 
study area during the winter months of 1986 and 1987. The geological 
map of scale 1:1,000,000 published by Geological Survery of India 
(1978) was used as the base map. 
The outcrops occur in two sectors, eastern and western 
sectors (Fig. 3) . In the eastern sector five sections were measured 
at localities near Umrali, Walpur, Hutwee, Tamria and Khurwat vil lages. 
In the western sector five sections were studied at localities near 
the villages of Mohan, Kakanpur, Galesar, Rajawat Chiklee and 
Sadiwasan. The western most section was measured in the Devganga 
r iver near Surpan village. 
Preserved thicknesses of the Cretaceous sedimentary sequence 
in the .measured sections range from 10.5 to 63 m. The sequence 
consists of mainly sandstones interbedded with shales and locally 
developed, thin conglomerates. Interbeds of fosssiliferous wackestone-
packstone, and terrigenous micrite also occur, especially in the 
eastern sector of the area. 
The measured li thostratigraphic sections are shown by graphic 
columns (Fig. 6 to 16) and key to the various sedimentary features 
L I T H O L O G Y 
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Sandstone 
Sandstone with granules 
Sandstone with Pebt>l€s 
Shale-slltstone 
Fosslliferrous 
wackestone-packstone 
Laminated micrlte 
commonly Terrigenous 
Unconfermable contact 
with Precambrian 
basement 
77~ Planar cross bedding 
^^^U/^ Trough cross bedding 
Ripple cross lamination 
and Ripple lamination 
Flaser bedding 
Horizontal and Laminated 
bedding 
Bioclasts 
Burrows and bioturbation 
Scoured surface 
Deformed cross bedding 
Soft-sediment deformation 
Cut-and-fill structure 
"^ Shale pebbles 
Fig. 5. Key to lithology bedding types and sedimentary structures 
shown In the graphic logs of sections measured in the 
study area^(Fig. 6-16). 
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is given in Figure 5. For localities please refer to Figure 3. 
The li thostratigraphic details of the measured sections are 
as follows: 
Location 
Total Thickness 
Lithostratigraphy 
0-12.5 m 
(Base) 
12.5-17 m 
17-21 m 
S U R P A N 
Devganga r iver section, 3 km upstream from 
its confluence with the Narmada r ive r . 
30 m (Fig. 6) 
Medium to fine grained, white, cross-bedded 
sandstones. Large scale tabular sets of 
planar cross-bedding are prominent (I'late lA.) 
The sets of cross-bedding are upto 24 cm 
thick. Occasional small scale se ts , 2-5 cm 
thick also occur. The angles of inclination 
of foresets range from 10°-30°. 
Fine to very fine grained, buff to white, 
thin bedded sandstones showing uneven 
r ipple bedding (Plate IB). The bedding 
thicknesses range from 0.1-0.5 cm. The 
sandstones are weathered rusty brown. 
Very fine grained, light gray sandstones 
with lentlcles and flasers of purple shale . 
Bedding thicknesses average few millimetres. 
Vertical burrows occur towards the top. 
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Fig. 6 Graphic column of l i thostratigraphic section measured 
in the Devaganga r iver , near Surpan Village. 
Plate I (A) Tabular sets of cross bedding, Surpan section. 
(B) Ripple bedding, Surpan section. 

21-30 m Alternating pa ra l l e l laminae of s i l t and 
very fine sands tone . 
Ralverman (1975) repor ted thin bedded l imes tone-sha le associa t ion 
forming the top of Cretaceous sedimentary sequence near Surpan. 
S A D I W A S A N 
Location 
Total th ickness 
L i thos t r a t ig raphy 
0-2.5 m 
2.5-5.5 m 
5.5-6.5 m 
6.5-8 .5 m 
8.5-10.5 m 
Location 
Total Thickness 
Hillock near Sadiwasan v i l l age . 
10.5 m (Fig . 7) 
Coarse gra ined , white compact to f r iable 
planar c ross bedded sands tones . Subrounded 
to rounded granules of 3 mm average s ize 
occur sca t t e red in the sands tones . 
Red s h a l e s , mostly covered . 
Medium to coarse gra ined , brown, compact 
to f r i ab le , p lanar c ross bedded sands tones . 
Red s h a l e s , mostly cove red . 
Medium gra ined , brown, p lanar c ross bedded 
sands tones . The bedding th i cknesses range 
from 3 to 7 cm. The sandstones a re h igh ly 
s i l i c i f i ed showing white coloured cher ty 
mater ia l concentrated along the bf3dding. 
RAJAWAT CHIKLEE 
Stream cutting near Rajawat Chiklee v i l l a g e . 
14 m (Fig . 8 ) . 
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Fig. 7 Graphic column of l i thostratlgraphic section measured 
near Sadiwasan Village. 
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Lithostratlgraphy 
0-6.v5 m 
6.5-8 m 
8-12 m 
12-14 m 
Fine to coarse grained, purple to white, 
planar cross bedded and horizontal bedded 
pebbly sandstones. Some of the beds show 
greater concentration of pebbles. The 
pebbles are generally scattered and their 
average size is less than 1 cm. The bedding 
thicknesses range from 5-18 cm. The angle 
of inclination of foresets ranges from 12° 
to 20". From base upward the grain size 
varies from fine to coarse and colour 
changes from light purple to white. 
Red shale, weathered. 
Fine grained, light purple coloured, pebbly 
sandstones. Pebbles occur scattered and 
their size ranges from 0.5 to 1 cm. Planar 
and trough cross bedding is developed. 
Red shale, mostly covered and weathered. 
G A L E S A R 
Location 
Total Thickness 
Lithostratlgraphy 
0-3.5 
(Base) 
Stream cutting near Galesar vil lage. 
11.5 m (Fig. 9) 
Thin bedded, white, fine to coarse grained 
granular sandstones. Planar cross bedding is 
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Fig. 8 Graphic column of l i thostratigraphic section measured 
near Rajawat chiklee Village. 
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3.5-7.5 m 
7.5-11.5 m 
(Top) 
common and occurs Interbedded with hor i -
zontal bedding. The bedding thicknesses 
range from 5 to 10 cm. 
Very thin bedded to thin bedded, white 
to light brown sandstones, showing upward-
fining grain size from medium to fine 
grained. The bedding thicknossses range 
from 5 mm to 16 cm. The sandstones show 
alternating horizontal bedding and large 
scale planar cross bedding. Horizontal 
bedding is dominant in th is part of the 
sequence. Angular pebbles of maximum 
size of 5 mm occur occasionally in the 
sandstones. 
Thin bedded, white to light brown, medium 
grained sandstones. The bedding thick-
nesses range up to 10 cm. Large scale 
planar cross bedding Is well developed 
showing high dip angles of forosets. Some 
of the beds are rich in pebbles. Horizontal 
bedding is subordinate to planar cross 
bedding. 
Location 
Total thickness 
M O H A N 
River section near Mohan village. 
24 m (Fig. 10). 
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Fig. 9 Graphic column of l i thostratlgraphic section measured 
near Galesar Village. 
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Lithostratlgraphy 
0-7 m Medium grained, brown sandstones, inter-
(Base) bedded with occasional gr i t ty , coarse grained 
sandstones. Tabular sets of planar cross 
bedding are abundantly developed and 
show regular set boundaries and straight 
foresetsClJlatellA). The sets of cross bedding 
are 20 - 25 cm thick and occur In cosets. 
Angles of Inclination of foresots average 
20°. Rare laterally persistent interbeds, 
a few tens of centimetres thick, comprise 
r ipple laminated and ripple cross laminated 
sandstones with a maximum bedding thick-
ness of 2.5 cm (Plate IIB). Single sets 
(4 cm thick) of planar cross bedding occur 
with in the r ipple laminated units. 
7-10 m Mainly parallel laminated red shales which 
are capped by 10 cm thick olive shales. 
Towards the top, a 50 cm thick single 
set of planar cross-bedded sandstone passes 
upward into r ipple laminated sandstone, 
succeeded by dark brown and olive shales , 
with purple patches. 
10-14 m Lenticular sand body showing sharp and 
scoured base rests over shales (Plate IIIA). 
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Fig. 10 Graphic column of l i thostratlgraphic section measured 
near Mohan Village. 
Plate II (A) Tabular sets of cross bedding, Mohan section. 
(B) Laterally persistent interbed of Ripple laminntod 
and Ripple cross laminated, sandstones Mohnn 
section. 
*^ 
x^sml^ 
Plato III (A) Lenticular sandbody showing sha rp and scoDre I 
base rest ing over sha l e s , Mohan sect ion. 
(B) Crosstaedded sandstone showing prosorvrul 
megaripplc hodform and soft sediment deformation 
of forese ts , ^lohan section. 
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The sand body comprises fine grained, 
white compact, cross bedded sandstones. 
The cross bedding is generally l.irgo scale 
planar type. Megaripple bedforms are some-
times preserved (Plate III B). The foresets 
show deformation sometimes as recumbent 
folding (Plate IV A) ns a 
result ot penecontemporanaous deforma-
tion. The sots of cross bodding are inter-
bedded with thin layers of grooii and purple 
shales. The set thicknesses of cross 
bedding range from 8 to 43 cm. Inclination 
angles of forcsots range from 10-15°. Large-
scale troughs and cut-and-flll structures 
filled with lamination paralleling the lower 
surface (Plate IV B), and low angle 
climbing r ipple cross lamination resembling 
t idal bundles (Plate V A) also occur. 
14-17 m Shales, weathered, mostly covered with 
debris of sandstones. 
17-19 m Medium grained, white sandstones with 
scattered rounded pebbles of quartzite 
of maximum 5 mm size. The sequence is 
marked by wavy and lenticular bedding, 
the former comprising irregular alternating 
layers of fine grained, white sandstone 
Plato IV (A) PenecontGrnporaneously doformcd cross bedding 
showing recurnhant folding, Mohan sect ion. 
(B) Large scale cu t -and-f l l l s t ruc ture filled with 
laminations paral le l ing the lower surface, Mohan 
sect ion. 
'J&'i. '^iA%*.. 
3 
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Plate V (AJ Ripple cross lamination resembling t idal bundlcss , 
Mohan sect ion. 
(B) Highly bioturbatcd sandstone, Mohan sect ion. 
^ ^ i ; " -^^ -i^ "ilSJ 
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and dark siltstone. The sandstones are 
generally highly bloturbated and show 
disturbed bedding (Plate V 13). Trace fossils 
are seen on the upper bedding surface 
(Plate VI A). Large scale planar and trough 
cross bedding occurs as single sets 
(Plate VI B) and lenses. The dip of foresets 
ranges from 10°-15°. 
19-21 m Shales, weathered and mostly covered with 
soil and debr is . 
21-24 m P'ine grained, white, r ipple laminated sand-
stones with rare single sets of large-scale 
planar cross bedding. Small-scale troughs 
(rib-and-furrow) are developed on foresets 
of the large scale planar cross bedding 
and oriented at 90°. The bedding thicknesses 
range from 2 to 5 cm. 
The Cretaceous sedimentary sequence is estimated to be about 200 m 
thick in the Karroo river near Mohan (Blanford, 1869), and about 
90 m thick in the Mohan fort section (Bose, 1884). The sequence 
described by Blanford (1869) and Bose (1884) comprises, from base 
upward alternation of gritstone and sandstone, massive sandstone, fine 
grained white sandstone, thinly bedded sandy shales showing trace 
fossils, inter stratified with thicker beds. This clastic sequence 
Plate VI (A) Trace foss i l s on the uppe r bedding surface of 
b io turba ted sandstone, Mohan sect ion. 
(B) Single set of l a rge scale trough c rossbedd ing , 
Mohan sect ion. 
t^^/^^^ 
is capped here and there with patches of rock of carbonate-shale 
association consisting of thin bedded shales and limestone containing 
oysters and nodular limestone. 
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Location 
Total Thickness 
Lithostratigraphy 
0-3 m 
K A K A N P U R 
Stream cutting SE of Kakanpur village. 
63 m (Fig. 11). 
Thin bedded, r ipple bedded sandstones, 
Interbedded with purple diales (Plate VIJA,B) Bedding 
thicknesses generally range from 5 mm 
to 6 cm. Thinner essentially sandstone 
units (10-30cm thick) alternate with thicker 
units of interbedded sandstones and shales 
(20 - 120cm tmck) (Plate VIII A). The 
sandstones shows lenticular and flaser 
bedding (Plate VIII B). The sandstone 
lenses are planar cross bedded. Ripple 
marks of straight crested. asyiiniKJtrical. 
and inlerferenco types (Plate IXA) are 
seen on the upper bedding surfaces. Wave 
lengths of r ipple marks average 8 cm. 
Single sets of planar cross-bodding occur 
and their foresets are ripplo bedded. 
Shale pebbles also occur in tho sequence. 
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Fig. 11 Graphic column of l i thostratlgraphlc section measured 
near Kakanpur Village. 
Plate VII (A) Distant view of thin bedding sandstone shale 
forming the lower part of the Nimar sandstone, 
Kakanpur. 
(B) Closer view of the thin bedded sandstone shale 
sequence, Kakanpur. 
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Plate VIII (A) Sandy uni ts a l ternat ing with th i cke r uni ts of 
in terbodded sandstone shale near Kakanpur, 
(B) Lenticular and flaser bed'Jin^^ in thin bBdd'^d 
s.aiij ?ton3«3i"i.ile, Kakanpur. 

Plate IX (A) Interference r i p p l e marks on the upper bedding 
surface of thin bedded sandstone, Kakanpur. 
(B) General view of the mult istory channel sand-
bodies forming a 60 m thick sequence, Kakanpur, 
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3-63 m Multistory channel sand bciflios over l lo 
ttiR thin bedded sandstones nnd form a 
60 m thick sequence (P la te IX B) . The 
indiv idual sands bodies a r e 14 to 22 m 
th i ck . They comprise coarse H''f'5ned sand-
stones which a r e often granular and pebb ly , 
e spec ia l ly in the lower par t of sand body. 
The sandstones a r e mass ive , flat bedded 
and planar c ross bedded . Trough cross 
bedding is r a r e . The bedding th icknesses 
range from 20 to 80 cm. Some c ross bedding 
se t s show low angle forosols , which 
resemble accre t ionary bedding (Pla te X A). 
U M R A L I 
Location 
Total Thickness 
L i thos t r a t ig raphy 
0-5 m 
(Base) , 
5-7 m 
River section near Umrali v i l l age . 
14.5 m (Fig . 12 ) . 
Weathered red s h a l e s , covered by soil and 
d e b r i s (Pla te X B ) . 
Medium grained, trough cross bedded sand-
s tones , showing len t icu la r L)odding. The 
bedding th icknesses range from IB - 31 cm. 
Pebbles a re absent from t h i s un i t . 
Plato X (A) Low angle planar crossbedding resembling la te ra l 
accret ion bedding in a channel sandbody, Kakan-
pur . 
(B) General view of the Utnrali sect ion. The Nimar 
sandstone over l ies the Precambrian basement 
with a sha rp unconformity. The basal 5 m of 
Nimar sandstone comprises red sha les mostly 
covered by soil and rock d e b r i s . 
< 
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,k;p(iA-M6] 
^-2^' 
B 
47 
7-lQ m Coarse grained, granular sandstones with 
abundant pebbles. The sandstones are hori-
zontal bedded and the abunacintly occuring 
pebbles are arranged parallel to bedding. 
The pebbles range in size from 1.5 - 3 cm. 
10-13 m Trough cross bedded, coarse grained 
granular sandstones interbedded with pebbly 
zones, showing lenticular bedding. Pebbles 
also lie scattered In the sandstone beds. 
13-14.5 m Trough and planar cross bedded, coarse 
grained granular sandstones, showing wavy 
and lenticular bedding (Plate XI A,B). 
The set thicknesses of cross bedding range 
from 17 - 40 cm. Pebbles are absent from 
this unit. A few millimetres thick purple 
brown ferruginous layer occurs at the top 
of the sequence. The layer appears to 
be extensive as remnant patches are seen 
over a large area. 
Singh and Srivastava (1981) described a nearly 10 m thick sequence 
from Umrali, showing cyclic sedimentation. Three cycles woro recognised; 
each cycle comprising, from base upwartJ, very coarscs pohhly sand-
stone-ferruginous sandstono-light grey shale-carbonaceous shalo. 
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0-0 m 
UMRALI 
Fig. 12 Graphic column of l i thostratigraphlc section measured 
near Umrali Village. 
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Plate XI (A) Crossbedded gritty sandstone near the top of 
the Urnrali section. 
(B) Crossbedded granular sandstone overlying the 
sandstone shown in Plate XIA, Umrali section. 
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Location 
Total Thickness 
Lithostratigraphy 
0-4.5 m 
(Base) 
4.5-5.5 m 
5.5-17.5 m 
W A L P U R 
River section near Walpur village. 
31 m (Fig. 13). 
Highly terrigenous micrite interbedded 
with shales and fine grained calcareous 
sandstone of brown colour. The micrite 
contains occasional bioclasts. Bedding thick-
nesses decrease upward from 16 to 6 cm. 
The rather continuous bedding in the lower 
part changes upward to wavy and then 
to nodular bedding. The percentages of 
shale increase from less than 5 per cent 
in the lower part to nearly 20 per cent 
in the upper par t . 
Red shales, weathered. 
Fine grained, light brown, compact calcare-
ous sandstones. They are mostly wavy 
bedded and flaser bedded with lenticles 
and flasers of olive coloured shales, but 
single sets of planar cross bedding and 
ripple laminated interbeds are also common. 
The sandstones become very fine grained 
towards the top and contain flasers of 
ferruginous shales . 
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Fig. 13 Graphic column of l i thostratlgraphlc section measured 
near Walpur Village. 
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17.5-28.5 
28.5-30.5 m 
30.5-31.0 m 
(Top) 
Fine grained, purple-white large scale 
trough cross bedded sandstones. The sets 
of cross bedding are up to a few tens 
of centimetres thick. 
Fine grained, purp le -whi te compact flaser 
bedded calcareous sandstones. Yellow-
brown mottles represent concentration of 
carbonate cement rich in iron oxide. 
Ripple marks of 5 - 6 cm wave length 
occur on the upper bedding surfaces. 
Terrigenous micrite partly replaced by 
crypto-crystall ine si l ica. 
Location 
Total Thickness 
Lithostratigraphy 
0-4.5 m 
(Base) 
H A T W E E 
River section near Hat wee vil lage. 
29 m (Fig. 14). 
White, fine grained, r ipple bedded, wavy 
bedded and flaser bedded calcareous sand-
stones. Buff coloured on weathered surfaces. 
The bedding thicknesses range from 0.5 
to 1.5 cm. Very thin (mm thick) olive 
shale partings occur as discontinuous layers . 
In the lower part the sandstones appear 
massive as a result of bioturbation. In 
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Fig. 14 Graphic column of l i thostratigraphic section measured 
near Hatwee Village. 
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the upper 2 metres white, fine grained 
planar cross bedded sandstones occur inter 
bedded with brown, fine grained flaser 
bedded sandstones. The planar cross bedded 
sets are 8 to 40 cm thick. The foresets 
of cross bedding show low angle Inclination 
of 8° - 10°. 
4.5-5.5 m White to grey, wavy bedded wackestones 
and packstones. The bedding thicknesses 
average 5 cm. The wackestones - packstones 
contain poorly sorted bioclasts of bryozoa, 
echinoderms, and gastropods etc. The 
bryozoan fragments are very large as 
compared to the other bioclasts. Some 
echinoderm grains are glauconitized. A 
thin band of intraclastic bryozoan grainstone 
lies at the top. The intraclasts comprising 
dark brown micrite show variable size 
and roundness. 
5.5-7.5 m Weathered shale. 
7.5-10.5 m Trough cross bedded, white to light grey, 
fine grained sandstone. The sets of cross 
bedding are 8 - 18 cm thick. Ripple marks 
of average wave length of 6.5 cm are seen 
on the upper bedding surfaces. 
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10.5-12.0 m Very fine grained, horizontal bedded, white 
to grey sandstone. Bedding thicknesses 
average 0.5 cm. Olive shales occur as 
flat pebbles and discontinuous layers, inter-
bedded with the sandstones. 
12.0-16.0 m Ripple bedded and flaser bedded sandstone 
and shale. This sequence shows cyclic 
deposition of white sil tstone/very fine 
sandstone and purple shales. On the average 
the individual cycles are 5 cm thick. Each 
cycle commences with a sandstone unit. 
Both upper and lower surfaces of sandstone 
units are wavy and consequontly their 
thickness is var iable . For example, thickness 
of one sandstone ranges from 0.5 cm to 
2 cm. Sandstone unit is overlain by very 
thinly interlaminated white slltstone and 
purple shales. The overall colour of this 
sequence changes upwards, from red to 
olive. Soft sediment deformation is seen 
in the basal 80 cm thick part of the 
sequence. 
16-18 m Trough cross bedded, brown coloured 
sandstone. 
18-20 m Weathered shales . 
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20-24 m 
24-25 m 
25-26 m 
26-29 m 
Laminated white, sandstone. Bed set thick-
nesses average 2 cm. 
Weathered shale. 
Wavy/ripple bedded calcareous sandstone 
with shell fragments interbedded with 
fossiliferous wackestone-packstone. Both 
upper and lower surfaces of Individual 
beds are wavy resulting in variable thick-
nesses of beds which range from 1.5 to 
2.0 cm. 
Wavy bedded terrigenous micrite with rare 
bioclasts. Terrigenous quartz grains are 
abundant in the basal par t . 
Location 
Total Thickness 
Lithostratigraphy 
0-16 m 
(Base) 
T A M R I A 
River section near Tamria vil lage. 
53 m (Fig. 15). 
Yellow to brown, medium to fine grained 
cross bedded sandstones. They are generally 
compact and granular in the lower par t . 
Large scale trough and planar cross bedding 
are well developed. Foresets of large scale 
cross bedding show graded bedding. Inclina-
tion angles of foresets range from 20° to 30°. 
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Fig. 15 Graphic column of l i thostratigraphic section measured 
near Tamria Village. 
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A 10 cm thick in te rbed of whito terr igenous 
biomicr i te occurs in the middle of the c ross 
bedded sandstone sequence. 
16-31 m Yellow to whi te , fine grained r i p p l e c ross 
bedded and r i p p l e bedded sands tones . 
Asymmetrical r i p p l e marks of average 8 
cm wave length occur on the uppe r bedding 
surfaces. 
31 .-43 m White to light brown, laminated calcareous 
fine sandstones •'•siltstones, with rare medium 
sandstones. 
43 -45 ) m White fossi l i ferous wackestones. The lower 
and upper parts of this Uthounlt show thicker 
and persistant bedding, while i t s middle 
part i s characterized by wavy and lenticular 
bedding. The bedding thicknesses range from 
4 to 12 cm. 
45.0-49.5 m Weathered sha les , mainly covered with debris 
and so i l . 
49.5-50 m Yellow laminated micrite showing brecciated 
crusts, intraclasts and piso l i t i c structure. 
50-51 m Weathered sha les . 
51 -53 m Dark brown, thinly laminated terrigenous 
micrite. Pel lets occur abundantly at some 
horizons. Bioclasts are scarce and recrys -
ta l l ized . 
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Location 
Total Thickness 
Llthostratigraphy 
0-6.5 m 
(Base) 
6.5-8.5 m 
8.5-9 m 
9 -11 • 
11 -15 m 
K H U R W A T 
Confluence of the Sukee and Hulwee r ive r s , 
near Khurwat vil lage. 
21 m (Fig. 16). 
Red to brown, fine grained, r ipple bedded 
to r ipple cross bedded calcareous sandstones 
with very thin chocolate-brown shale partings 
and flasers. The bedding thicknesses range 
from 5 to 8 cm. 
Brown, medium grained, granular planar cross-
bedded, calcareous sandstones with occasional 
fossils. Ripple marks with average wave 
length of 10 cm occur on upper bedding 
surfaces. 
Brown, very fine grained, r ipple bedded 
sandstones with chocolate brown shale partings. 
The sandstone beds are 3 to 5 cm thick. 
White, laminated, calcareous very fine grained 
sandstones-siltstones. 
Brown, fine grained, planar cross bedded, 
calcareous sandstones. Foresets of cross 
bedding dip gently in the lower part (8° to 
10°) and steeply in the upper part (24°to29°). 
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Fig. 16 Graphic column of l i thostratlgraphlc section measured 
near Khurwat Village. 
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15 -16 m Brown terrigenous fosslliferous wackestone. 
16, -18 m Red Shales, weathered. 
18 -20 m Fosslliferous wackestones, nodular bedded. 
20 -21 m Terrigenous micrlte, nodular bedded. Laminated 
and bcecciated crusts common. Extensive 
replacement by chert towards the top. 
CHAPTER III 
TEXTURE AND DIAGENETIC MODIFICATIONS 
I N T R O D U C T I O N 
The texture and its modifications, of the Cretaceous sand-
stones of the Rajpipla-Jobat area were studied with a view to: 
(i) generating basic data on the rocks; (11) interpreting the hydro-
dynamic conditions, processes and environments of deposition; and 
(i l l) understanding their diagenetic h is tory . 
Information on textural characterist ics of tlui sandstones 
is meagre because very few petrographic studies of the rocks have 
been published. Therefore, basic data on texture was generated 
which included data on grain size, roundness and spheric i ty . 
Diagenetic modifications and porosity of the rocks were studied 
for the first time. 
Grain size parameters and their relationship with 
depositional processes in general have been reviewed by f-'olk (1966), 
Visher (1969) and Friedman (1979). These reviews are highly 
informative as they are based on a large volume of l i terature on 
grain size contributed by a large number of workers. 
The grain size studies of sediments have long been oriented 
towards establishing statistical parameters or measures diagnostic 
of different depositional environments (McLaren, 1981). The various 
procedures employed for this purpose include the method of moments 
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(Friedman, 1961, 1967) or more commonly the graphic plot method 
(Folk and Ward, 1957; Mason and Folk, 1958; Moiala and Weiser, 
1968). All these methods focus attention on mean grain size, standard 
deviation, skewness and kurtosls of the distr ibutions, and conceptually 
each of these parameters is interpreted as measuring different aspects 
of depositional environments (Blatt, Mlddleton and Murray 1980). 
Controversy has surrounded the abil i ty of these measures 
to adequately identify and describe depositional processes within 
sedimentary environments (Swan, Clayne and Luternauer, 1978, 1979). 
The technique of using combinations of two or more phi-graphic 
or moment measures often leads to inconsistencies among studies 
(Tucker and Vacher, 1980). Combinations of values that are successful 
in one study do not work in another. Consequently, most workers 
agree that grain size analysis alone is not a reliable criteria for 
interpreting depositional processes and environments, but combined 
with studies of sedimentary structures and other attributes of 
sedimentary rocks, grain size parameters can prove useful in fades 
description and analysis. 
In the present study emphasis was given to vertical 
variabi l i ty of grain size, in combination with vertical variabil i ty 
of other at t r ibutes , instead of directly discriminating depositional 
environments on the basis of bivariant plots or mathematical formulae. 
Texture also defines the initial porosity and permeability 
characteristics of sediments and therefore, texture has important 
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bearing on diagenesis. The textural data was also employed in the 
present study for understanding the diagenetic history of the rocks. 
In view of the mostly consolidated nature of the sediments, 
thin sections were employed for grain size analysis and estimation 
of roundness and sphericity. Only those thin sections were selected 
which showed the least modification of texture by diagenetic and 
compaction effects and hence textural study was limited to 91 samples 
of sandstones. In each thin section 300 to 400 grain sizes were 
measured with the help of an eye piece graticule and point counter. 
For measuring grain size in thin sections standard technique described 
by Carver (1971) was followed. The grain size data was tabulated 
in half phi classes (Appendix I ) . Cumulative frequency curves of 
grain size data were plotted and grain diameters in phi units 
represented by ^15, (t)16, (t)25, (()50, ((ITS, (t)84, (|)95 percentiles were 
read from the curves (Appendix I I ) . The stat ist ical parameters of 
grain size were determined on the basis of well known formulae 
derived by Folk (1980). 
GRAIN SIZE PARAMETERS 
The computed grain size parameters of the sandstones 
included graphic mean (M^) inclusive graphic standard deviation 
(cTj) inclusive graphic skewness (Skj) and graphic kurtosis (K„) 
(Table 2) . 
Tablo 2: Sraii^ilcal parameters of grJiln 8l7.e dlsiriuutlon of Crotacoous sanJstones, Rajplplo-Jobat sraa {M*z • ^rn\)\ 
inclusive graphic standi)rd deviation, Inclusive graphic »kBwne8i, K « graphic kurtosMl. 65 
Saaiplo ^^-^ , ^ j 
Nunfjor , 
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Mean Size 
The graphic mean {M ) values of the sandstones range froti 
0.10 |). to 3.40 (). The sandstones are thus mainly fine sand (50.0 percent), 
followed by medium sand (36.5 percent), coarse sand (10.0 percent), 
and very fine sand (3.5 percent). 
Sorting 
• The inclusive graphic standard deviation (»-j) values range 
from 0.20 ([) to 1.10 ^. Most samples are moderately well sorted 
(47.0 percent), followed by moderately sorted (31.0 percent) and 
well sorted (18.0 percent). Few samples are poorly sorted (3.0 
percent) or very well sorted (1.0 percent). 
Skewness and Kurtosis 
The inclusive graphic skewness (Skj) range from -0.48 
to 0.86. Majority of the samples are fine skewed (34.0 percent), 
followed b'y near-symmetrical (32.0 percent), strongly fine skewed 
(19.0 percent) and coarse skewed (13.0 percent) . Few samples are 
strongly coarse skewed (2.0 percent). 
The graphic kurtosis (K„)range from 0.5 to 1.44. The 
samples are mostly mesokurtic (37.0 percent), followed by leptokurtic 
and platykurtic (26.0 percent each), very leptokurtic (6.0 percent) 
and very platykurtic (5.0 percent). 
To summarise, the sandstones are generally fine to medium 
grained, moderately well to moderately sorted, fine skewed to near-
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symmetrical and platykurtic to leptokurtic. It cannot be definitely 
stated whether mean size of the rocks under study is determined 
by the size range of available sediment or by the current velocity/ 
turbulance of the transporting medium. However, positive skewness 
of majority of samples and their moderate sorting do reflect a general 
lack of strong winnowing action. 
ROUNDNESS AND SPHERICITY 
The roundness and sphericity of detr i ta l grains in the sand 
size range were estimated in 71 thin sections of the sandstones with 
the help of visual comparison chart prepared by Krumbein and Sloss 
(1963). The grains are angular to well rounded but majority of them 
are subangular to rounded (Table 3) . Distribution of roundness in 
individual samples is invariably unimodal with subrounded class 
as the modal c lass . In the aggregate distribution, the modal class 
(subrounded class) contains 79 percent grains (Fig. 17). 
The mean roundnesses of the individual samples range from 
0.36 to 0.52. For the aggregate distribution, the mean roundness 
is 0.43. 
The sphericity of the various grains was classified as 
low and high. The composite histogram shows that two-thirds of 
the grains are of low sphericity and one-third have high sphericity 
(Fig. 18). 
1: Roundness of sand-size detrltal grains of Cretaceous sandstones, Rajplpla —Jobat area (Roundnoss classes 
according to Powers' scale) 
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ROUNDNESS COMPOSITE 
Fig. 17 Composite 
histogram of roundness 
of detr l ta l grains, 
Cretaceous sandstone, 
Rajplpla-Jobat area. 
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SPHERICITY COMPOSITE 
Fig. 18 Composite histo-
gram of sphericity 
of Detrital grains. 
Cretaceous sandstone, 
Rajpipla-Jobat area. 
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FACIES-WISE VARIATION IN GRAIN SIZE PARAMETERS 
Six combinations of the four size parameters were plotted 
as scatter diagrams to evaluate their interrelationship and their 
effectiveness in differentiating between the sedlment^ological behaviour 
of the various types of the studied facies. 
Planar Cross Bedded Sandstone Facies 
The average grain size parameters of the planar cross bedded 
sandstone facies are; medium grained (M =1.80 ^ ) , moderately well 
sorted (<3-,=0.65 (j)), near symmetrical (Sl<:.=0.09), and mesokurtic 
(Kg=1.02). 
Mean size versus sorting diagram of planar cross bedded 
sandstone facies (Fig. 19A) shows that best sorting (well sorted) 
is usually attained by sediment with mean size of 2.25 to 2.5 (j). 
In general, fine sand is better sorted (well to moderately well sorted) 
than medium sand (moderately sor ted) . 
A general trend of increasing positive skewness with 
Increasing mean size can be noticed in the mean size versus skewness 
plot (Fig. 19B). 
Mean size versus kurtosis diagram (Fig. 20A) shows that 
medium sand is generally mesokurtic to leptokurtic. With decrease 
in mean size, kurtosis becames more var iable , ranging from platykurtlc 
to leptokurtic. 
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Fig. 19 BivaridiU plots of textural parameters of planar cross 
bedded sandstone facias: (A) mean size versuS sorting, 
(B) mean size versus skewness. 
72 
AO 
6 30 
ui 
«/) 20 
2 
< 
^ 10 
V P K 
-
-
-
. 
PK 
• 
MK 
-yi 
• 0 
< ^ 
L K 
• -"Nv, 
• 
V L K 
1 
F 
M 
C 
0 5 VO V5 
KURTOSIS 
2-0 
03 0^ 0-8 10 
SORTING ( * ) 
Fig. 20 Bivariant plots of textural parameters of planar cross 
bedded sandstone facies: (A) mean size versus kurtosis, 
(B) Skewness versus sorting. 
73 
The skewness versus sorting plot (Fig. 20B) shows that 
well sorted and moderately well sorted sandstones are coarse skewed 
to near symmetrical whereas moderately well sorted to moderately 
sorted sandstone are fine skewed to strongly fine skewed. In general, 
the sandstones become more positively skewed with a decrease in 
their sorting. 
A general trend is recognisable in the sorting versus kurtosis 
plot (Fig. 21A). Improvement of sorting from moderately sorted to 
well sorted is attended by decrease in kurtosis from leptokurtic 
to very platykurtic. 
An arcuate trend is obtained on the skewness versus kurtosis 
plot (Fig. 21B)). The platykurtic coarse skewed sediment pass first 
into near symmetrical, leptokurtic sandstones and then into mesokurtic, 
strongly fine skewed sandstones. Sediments showing near-symmetrical 
skewness are generally mesokurtic to leptokurtic. The sediments 
tend to become platykurtic when there is an increase in ei ther their 
positive or negative skewness. 
Trough Cross Bedded Sandstone Facias 
The average grain size parameters of the trough cross bedded 
sandstones are: fine grained (M =2.01 (|)), moderately well sorted, 
(T-T=0.61 ([)), near symmetrical (Sk. -0 .03) , and mesokurtic, (K =1.01). 
Mean size versus sorting plot (Fig. 22A) shows a general 
trend of improvement in sorting with decrease in mean size. The 
74 
02 
o 
2 0 
1-6 -
1-2 -
0 ^ -
0 ^ -
-
-
V w 
-»-. 
s w s 
• 
/ 
/ u-
.4 -
M W S 
' • • 
' .* •°' 
1 
M S 
• 
r 
« 
1 
PS 
V 
L 
L 
M 
P 
V 
P 
0-50 
030 
(A (/) 
liJ 0-10 
z 
? 
uj 0 
i^-O-IO 
-O30 
- 0 5 0 
0-2 0>4 0-6 0-8 
S O R T I N G ( 9 » ) 
1.0 
V P 
-
-
<; 
• 
, 
P K 
/ 
N 
• 
M K 
'X 
« 
)r 
• I 
1 1 
L 
• 
1 
K V L K 
, 
S 
F 
S 
F 
S 
N 
S 
c 
s 
s 
c 
s 
0'^ 0-8 12 
K U R T O S I S 
16 2-0 
Fig. 21 Bivariant plots of textural parameters of planar cross 
bedded sandstone facies: (A) sorting versus kurtosis, 
(B) Skewness versus kurtosis . 
75 
50 
- 40 
u 
NI 
17> 30 
z 
< 
^ 20 
10 
no I 
V W S w s 
1 
M W S 
4 
\ ^ 
\ 
1 
M S 
1 j 
PS 
F 
M 
C 
0 0 0.2 04 0-6 0-8 
SORTING ( « ) 
1.0 
50 
- AO 
u 
NI 3 0 
IT) 
z 
2 20 
10 
ft.ft l 
scs 
-
-
1 
cs 
\ 
1 
NS 
1 „, 
FS 
. 
SFS 
„ 1.. 1 . . . . 1 
F 
M 
C 
- 050 -0-30 -0-10 0 010 030 0-50 
SKEWNESS 
Fig. 22 Bivarlant plots of textural paramters of trough cross 
bedded sandstone facies: (A) mean size versus sorting, 
(B) mean size versus skewness. 
76 
medium sand Is generally moderately well sorted to moderately sorted, 
whereas the fine sand is generally moderately sorted to moderately 
well sorted. 
Mean size versus skewness plot (Fig. 22B) suggests a change 
from positive to negative skewness related to a decrease in mean 
size from medium to fine sand. 
Mean size versus kurtosis plot (Fig. 23A) shows that medium 
grained, leptokurtlc sandstones pass into platykurtic fine sandstones, 
A general trend of decreasing kurtosis i s noted with a decrease in 
mean size. 
Skewness versus sorting plot (Fig. 23B) shows that the 
sediment varies from coarse skewed to fine skewed when their sorting 
improves from moderately sorted to well sorted. 
Kurtosis versus sorting plot (Fig. 24A) does not show any 
clear trend with most of the samples falling in a c i rc le . 
Skewness versus kurtosis plot (Fig. 24B) shows a general 
trend of a change from positive to negative skewness as the sediment 
varies from leptokurtic to platykurt ic . 
Flaser Bedded Sandstone Facies 
Average grain size parameters of the flaser bedded sandstone 
facies are : fine grained (M =2.44 ([)), moderately well sorted, 
(<r-=0.66 P), near symmetrical (Skj=0.09), and platykurtic (K^=1.04). 
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Mean size versus sorting plot (Fig. 25A) shows a general 
trend of deterioration in sorting with decrease in mean size. The 
well sorted medium sand passes into moderately sorted to poorly 
sorted, fine sand. 
Mean size versus skewness plot (Fig. 25B) suggests a change 
from positive (strongly fine skewed) to negative skowness (coarse 
skewed) related to a decrease in mean size from medium to very 
fine sand. 
Mean size versus kurtosis plot (Fig. 26A) shows a general 
trend of decreasing kurtosis with a decreasing mean size. Medium 
grained leptokurtic sandstones pass into platykurtic very fine sand-
stones. 
Skewness versus sorting plot (Fig. 26B) shows that sediments 
vary from coarse skewed to strongly fine skewed, when their sorting 
decreases from well sorted to poorly sorted. Decrease in sorting 
is related to a change from negative to positive skewness. 
A general trend of increasing kurtosis with increasing sorting 
can be recognized in the sorting - kurtosis plot (Fig. 27A). Kurtosis 
generally varies from platykurtic in moderately sorted sediments 
to leptokurtic in well sorted sediments. 
Skewness versus kurtosis plot (Fig. 27B) shows that the 
sediments tend to change from platykurtic to leptokurtic as their 
skewness changes from negative to posit ive. Platykurtic coarse-skewed 
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sediments pass into leptokurtic fine to strongly fine skewed sand-
stones. 
Horizontal Bedded/Laminated Sandstone Fades 
Average grain size parameters ot the horizontal bedded/ 
laminated sandstone facies are ; medium grained (M =1.95 p), moderately 
well sorted (o-j=0.67 |)), fine skewed (Skj=0.22), and leptokurtic 
( K Q = 1 . 1 5 ) . 
Mean size versus sorting plot (Fig. 28A) shows that sorting 
of medium sand is less variable as compared to that of fine sand. 
Medium sand is moderately to moderately well sorted whereas fine 
sand is moderately to well sorted. 
Mean size versus skewness plot (Fig. 28B) shows that 
skewness of medium sand is also less variable than that of the fine 
sand. Medium sand is fine skewed but skewness of fine sand ranges 
from near symmetrical to strongly fine skewed. 
Mean size versus kurtosis plot (Fig. 29A) shows greater 
var iabi l i ty of kurtosis of medium grained sandstones, ranging from 
platykurtlc to very leptokurtic. With decreasing mean size the sand-
stones tend to become platykurt lc. 
Skewness versus sorting plot (Fig. 29B) shows that fine 
skewed sandstones have a greater range of sorting {moderately to 
moderately well sorted. rhey become more positively skewed with 
improvement in sorting. 
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Kurtosis versus sorting plot (Fig. 30A) shows that the 
best sorted sandstones (well sorted) have a kurtosis value of 1.15 
(Leptokurtic). From this point the sorting tends to decrease whether 
kurtosis increases or decreases. 
Skewness versus kurtosis plot (Fig. 30B) shows that kurtosis 
of the sediments changes sharply from platykurtic to very leptokurtic 
as their skewness changes from near-symmetrical to fine skewed. 
VERTICAL VARIATION IN GRAIN SIZE PARAMETERS 
Instead of an empirical technique of textural finger printing 
to identify and discriminate between different depositional environments, 
a more fruitful approach of plotting grain size parameters against 
vertical profile and relating them to log form were adopted in 
the present study. 
In the study area, six localities including durpan, Mohan, 
Galesar, Walpur, Khurwat and Tamria were selected for study of 
vertical variation in grain size parameters. Sufficient number of 
analysed samples were available from each of these localities to 
construct a reasonably correct picture of vertical var iabi l i ty . On 
the basis of characterist ics of grain size var iabi l i ty , one or more 
depositional units were recognised in each section. These units are 
described below and their genetic relationship to facies is discussed 
in Chapter VI. 
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Surpan Section 
The vertical variation of M in the Surpan section shows 
two upward fining cycles in cross bedded sandstones passing upward 
into r ipple bedded sandstones (Fig. 31). Each cycle or unit is few 
metres (5-7 m) thick. Sorting, in general, decreases upward in the 
lower cycle and Inc-reases in the upper cycle. The slcewness fluctuates 
between near-symmetrical and coarse-skewed in the lower cycle and 
varies systematically from strongly fine skewed upward to coarse 
skewed in the upper cycle. 
In the lower cycle both grain size and sorting decrease and 
skewness becomes increasingly positive in the upward direction. 
The upper cycle shows upward fining grain size, improvement in 
sorting and increasingly negative skewness. 
Mohan Section 
In this section there are four sandstone units separated by 
shales (Fig. 33). Vertical variation in grain size parameters was 
studied separately for three sandstone bodies. The lower two sand 
bodies mainly planar cross bedded show an upward decrease in mean 
size and improvemsat in sorting. The sediments become more positively 
skewed upward In the first sand body and negatively skewed in 
the second one. Kurtosis increases from 0.84 (platykurtic) to 1.11 
(mesokurtic) in the first sand body, and decreases from 1.15 
(mesokurtic) to 0.85 (platykurtic) in the second sand body. The 
third sand body shows upward coarsening, decreasing sorting, and 
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increasing positive skewness. Kurtosis remains platykurtic but slightly 
decreases. 
Galesar Section 
This section comprises only sandstones which are mainly 
horizontal bedded. According to vertical variation in grain size 
characterist ics, the sandstone sequence is divisible into three 
deposltional units (Fig. 32). The lower unit, 3 m thick, is charac-
terized by upward coarsening, decreasing sorting (well sorted to 
moderately well sor ted) , and increasingly positive skewness (coarse 
skewed to strongly fine skewed). Kurtosis values do not show any 
clear trend. Th9 second unit, 3.5 m thick, shows upward fining, 
decreasing sorting, and change in skewness from positive to negative 
(fine skewed to near symmetrical). Kurtosis does not show any clear 
trend and mostly remains mesokurtic. The third unit shows upward 
coarsening mean size, but vertical variations in sorting, skewness 
and kurtosis do not show clear t rends. 
Walpur Section 
The sandstone sequence in Walpur section is divisible into 
two larger units (Fig. 35). The lower unit, 12 m thick, comprising 
ripple bedded-flaser bedded sandstones shows upward fining, 
improvement in sorting (moderately sorted to moderately well sor ted) , 
and change from negative to positive skewness. Kurtosis varies from 
mesokurtic to platykurt ic . 
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The upper unit, 13 m thick, comprises trough cross bedded 
sandstones overlain by flaser bedded sandstones. In this sequence 
grain size decreases upward, sorting also decreases (well sorted 
to moderately well sor ted) . Skewness does not show a clear trend 
and is mostly negative, but kurtosis changes from mesokurtic to 
platykurt ic . 
Khurwat Section 
The basal 6.5 m thick r ipple bedded sandstone unit in the 
Khurwat section (Fig. 34) shows, in general, upward coarsening mean 
size, decreasing sorting, change in skewness from negative to positive 
(coarse skewed to fine skewed), and variation in kurtosis from 
mesokurtic to platykurt ic . The overlying 4.5 m thick upward fining 
cycle comprises three units which are from base upward, planar 
cross bedded sandstone, r ipple bedded sandstone and horizontal bedded 
sandstone. The vertical variations in sorting and skewness are not 
well marked, but a general tendency of decrease in sorting and a 
change from positive to negative skewness is noticeable in the 
sequence. Kurtosis regularly varies upward from very leptokurtic 
to leptokurtic. The sequence is overlain by planar cross bedded 
sandstone unit. 
Tamrla Section 
The sandstones in Tamria section are divis ible into three 
L 
units (Fig. 36). The basal cross bedded unit, 11 m thick, shows 
upward fining but l i t t le variation in sorting and skewness. Hov/ever, 
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kurtosis values decrease upward from mesokurtic to platykurt ic. 
The unit is capped by a 10 cm thick terrigenous blomicrite. The 
overlying sequence, 20 m thick, comprises cross bedded sandstones 
followed by r ipple bedded sandstones. The sequence shows upward 
fining, slight improvement in sorting (moderately sorted to well sorted) 
and more positive skewness. Kurtosis changes from leptokurtic to 
platykurt ic. The top unit, 12 m thick, comprising horizontal bedded 
sandstone, shows upward coarsening, decrease in sorting from well 
sorted to moderately sorted, and a change from positive to negative 
skewness (strongly fine skewed to near symmetrical). Kurtosis does 
not show a clear trend. 
DIAGENETIC MODIFICATION 
I N T R O D U C T I O N 
Diagenetic modifications of sandstone texture comprise two 
main processes - compaction and cementation. Compaction can be defined 
as pore volume decrease in a sedimentary column as a result of over-
burden load Chilingarian, 1983). Compaction features result from 
two processes of mechanical and chemical compaction. Below a burial 
depth of 1000 to 1,500 m chemical compaction (pressure solution) 
is the dominant process whereas above this depth mechanical compac-
tion is more important (Fuchtbauer, 1967; Nagtegall, 1978). Mechanical 
compaction includes processes of rearrangement, plastic deformation and 
breakage of grains. Chemical compaction involves pressure solution 
between grains, and between grains and various kinds of cements. 
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Compaction of sediments, which is the process of volume reduction, 
can be expressed as a percentage of the original voids present. 
The degree of compaction depends largely on the ratio of fine to 
coarse material and the character of the sediment framework 
(Chilingarian et a l , 1967). 
COMPACTION AND POROSITY REDUCTION 
In the studied sandstones, mechanical compaction and physical 
readjustment to pressure is evidenced by deformed mica grains and 
fractured quartz grains. Large detr i ta l micas are commonly bent 
or wrapped around more resistant quartz grains (Plate Xll A). In a few 
samples quartz grains display extensive fracturing. These fractures 
traverse individual grains. Two or more fractures are observed 
to radiate from the point of contact, with adjacent grains. 
Grain Contact 
Grain to grain contacts of a sediment give an idea about 
pore space reduction and compaction history of the sediment. Grain 
contacts were classified by Taylor (1950) as floating, point, long, 
concavo-conve and sutured. 
Grain contacts of the sandstones were studied in thin sections 
with a view to interpreting their compactional h is tory . Various 
types of grain contacts were recognized and point counted. Percentages 
of various types of grain contacts in different samples are given 
in Table 4. The overall compaction of the sandstones is shown by 
Tablo 4: Percentages of various types of grain to grain conlacls, Cretaceous sandstone^, Rnjpi| i l , i -
Jobat area. 
Siimplo No. Floating grains Point contact Long contact Concavo-convex Siilur()oti:iinla<;i 
contact 
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SURPAN 
fill 8.0 12.0 ao.o 
til 2 .0 9.0 87.0 - 2.11 
()3 3 .0 10.0 85 .0 - 2.11 
64 - 2 .0 98.0 
65 1.0 5.0 94.0 
66 2 .0 4 .0 90 .0 
67 3 .0 20.0 77.0 
69 3.0 fl.O 89.0 
70 6 .0 18.0 76.0 
GALESAR 
117 3 .0 14.0 53 .0 
118 2 .0 11.0 57.0 
119 4 .0 16.0 80 .0 
120 8 .0 17.0 75 .0 
121 3.0 20.0 77.0 
122 6.0 11.0 83.0 
123 3.0 fl.O H9.0 
124 G.O 17,0 77.0 
125 1.0 5.0 94.0 
126 1.0 9.0 90.0 
127 2 .0 2.0 96.0 
MOHAN 
11 26.0 52.0 32.0 
16 6.0 11.0 83.0 
17 6.0 18.0 76.0 
20 5.0 12 .0 83 .0 
21 8.0 33 .0 59.0 
23 6.0 44.0 50.0 
24 2.0 3.0 95.0 
KAKANPUR 
29 15.0 26.0 59.0 
30 - - 100.0 
31 - - 100.0 
33 - 2 .0 98 .0 
34 3.0 4 .0 93 .0 
35 - 3 .0 97.0 
36 1.0 9.0 90.0 
37 2 .0 2 .0 96.0 
38 - - 100.0 
39 - 2 .0 98.0 
40 • 2 .0 2 .0 96.0 
WALPUR 
97 19.0 38.0 43 .0 
99 43 .0 29.0 28.0 
101 5.0 19.0 76.0 
102 3.0 16.0 81.0 
HUTWEE 
113 17.0 44 .0 39 .0 
114 5.0 25.0 70 .0 
115 7.0 29.0 64 .0 
116 4 .0 20.0 76.0 
122 10.0 10.0 80.0 
124 4 .0 15.0 81 .0 
TAMRIA 
83 6.0 10.0 84.0 
84 2 .0 14.0 84 .0 
86 9.0 90.0 72.0 
88 3.0 20.0 77 .0 
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a histogram constructed on the basis of aggregate data on grain 
contacts (Fig. 37). 
The range of percentages of various types of grain contacts 
in the sandstones are : floating grains, 1 to 42 percent; point contact, 
1 to 83 percent; and long contacts 3 to 100 percent. The average 
percentages are; floating grains, y percent; point contact, 25 
percent; and long contact, 66 percent. Concavo-convex and sutured 
contacts are r a re . Thus, most common type of contact is long 
contact, followed by point contact and floating grain (Plate XII B,C), 
The high percentages of floating grains in some samples are 
the result of corrosion of detri tal grains and modification of texture 
by carbonate cement (Plate XIID).In some other samples which do not 
have carbonate cement, corroded nature of grains indicates earl ier 
presence of carbonate cement and i t s subsequent removal by 
dissolution. 
Long contacts develop in the early stages of compaction of 
sand, when grains rotate and adjust themselves to the boundary of 
adjacent grains as a response to overburden pressure. With increasing 
pressure, when solid flow begins long contacts are made where 
yielding grains are prossGd against adjacent rigid grains having relatively 
straight edges. However, where the adjacent grains are well-rounded, 
concavo-convex contacts are produced. Thus, long contacts represent 
an Intermediate evolutionary stage between original point contacts 
and final sutured contacts. 
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Plate XII Photomicrographs of the Cretaceous sandstones showing 
diagenetic modification. 
(A) Deformed mica resulting from mechanical compa 
ction (x 93, crossed). 
(B) Long and point contacts of detri tal grains (x93, 
uncrossed). 
(C) Floating grain shown by arrow (x 93, crossed). 
(D) Corrosion of detri tal grains and modification 
of texture by carbonate cements (x34, crossed). 
(E) Detrital grains demarcates quartz overgrowths 
(x 93, crossed). 
(F) Large prismatic quartz overgrowths (x 93, 
crossed) . 
D 
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Dominance of point and long contacts together averaging 91 
percent indicates that the sandstones were not subjected to much 
pressure solution, as a result of either shallow burial or early 
cementation. Some compaction took place after cementation as is 
evldanced by presence of sutured boundaries of quartz overgrowths, 
and stylolites within the calcite cement. 
Compaction and Porosity Reduction 
An estimate of compaction or rather porosity reduction by 
compaction in the sandstones was obtained by measurement of 'minus 
cement' porosity and assuming a value for original porosity. The 
'minus cement' porosity is defined as that which would be present 
if a specimen contained no chemical cement, that is the porosity 
that existed before cementation (Heald, 1956). 'Minus cement' porosity 
of the sandstones was determined by adding the volume of cement 
to the volume of voids present. The minus cement porosity values 
of the studied samples range from 2 to 38 percent, and average 
15.5 percent (Table 5). 
The original porosity of the sandstones was assumed to be 
40 percent on the basis of several studies on random packing 
arrangements in sediments and in aggregates of spheres which provide 
uB with some information on initial porosities (Bernal and Mason, 
1960; Bernal and Finney, 1967; Beard and Weyl, 1973; Manus and 
Coogan, 1974; Sibley and Blatt, 1976). 'Minus cement' porosity 
of a sandstone should be equal to porosity of a freshly deposited 
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sand when the sandstone has suffered very l i t t le compaction before 
cementation. However, in the case of the studied sandstones 'minus 
cement' porosity (average = 15.5 percent) differs from the assumed 
original porosity of 40 percent. This difference is a measure of 
porosity reduction by compaction. In the sandstones porosity reduc-
tion averages 24.5 percent. 
Factors Controlling Compaction 
The effects of mean size, roundness and sorting on 
compaction of the sandstones were evaluated. This study was done 
by plotting pore volume reduction (compaction) versus mean size, 
mean roundness and sorting (Fig. 38A,B,C). 
Mean size (M ) versus pore volume reduction (compaction 
percentage) plot demonstrates a clear trend of increasing pore volume 
reduction (compaction) with decrease in mean size (M ) (Fig. 38A). 
Roundness versus compaction percentage plot does not show 
a clear relationship between the two parameters (Fig. 38B) .However, 
a general trend of increasing compaction with increasing roundness 
is discernible. 
Sorting (o-. ) versus compaction percentage plot also shows 
a trend of increasing compaction with decreasing sorting (O-T) 
(Fig. 38C). 
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It Is concluded that compaction of the studied sandstones 
has been influenced by mean size, roundness and sorting of grains. 
Grains of smaller size, lesser sorting and lesser rounding have 
suffered greater compaction. 
Depth of Burial 
The' amount of porosity reduction in sandstones has been 
employed to estimate their depth of burial. McCulloh (1967) studied 
the relationship between total porosity and depth of burial for 
sedimentary rocks on the basis of several thousand laboratory 
measurements. Lapinskaya and Proshlyakav (1970) studied the 
relationship between porosity and depth of burial in Mesozoic and 
Upper Palaeozoic deposits of U.S.S.R. Their porosity versus depth 
plot shows a systematic relationship between the two, porosity 
decreasing with depth. 
The average 'minus cement' porosity of the studied sand-
stones (15.5 percent) plotted on the McCulloh's (1967) graph of 
porosity versus depth suggests a depth of burial of nearly 9000 ft 
(2740 m) (Fig. 39). The plot of average minus cement porosity 
of the sandstones when plotted on the latter graph indicates a 
depth of burial of about 8000 ft (2430 m) (Fig. 40). Thus, depth 
of burial of the sandstones ranged from 2000 to 3000 m. 
CEMENTATION 
Three types of cements were identified in the sandstones 
and their paragenesis was determined. In order of their formation. 
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the cementing materials are : Quartz^Iron oxide and cal-ci te . 
Quartz Cement 
The percentages of quartz cement range from 1 to 13 
percent, averaging 3 percent (Table 6) . The quartz cement percent-
ages show a decrease towards the eastern part of the study area. 
Quartz cement occurs in the form of overgrowths. However, their 
identification is difficult due to their optical continuity with the 
detr i tal grains. In some grains overgrowths are clearly demarcated 
from the detri tal grains which possess a thin coating of brown 
limonitic material (Plate XII E) . In some grains overgrowths are 
quite large and occur as pyramidal and prismatic growths showing 
sharp and planar crystal faces ( Plate-XII F ) . In some grain cor-
rosion has formed embayments in the overgrowths. These embayments 
cut across the overgrowths and end at the detr i tal grain boundaries. 
The embayments are filled with brownish clay material. 
Iron Oxide Cement 
The cement occurs in the form of a black coating on the 
detri tal quartz grains and also forms bridges connecting the adjacent 
detr i tal grains (Plate-XIII A). Similar coatings also occur around 
altered and leached felspar grains, in these grains iron oxide also 
occurs along the cleavage traces (Plate-XIII B,'C). In some sections empty 
voids are lined with a thin coating of iron oxide. These voids 
represent completely leached felspars which have disappeared leaving 
behind empty voids (Plate-XIII A). 
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Plate XIII Photomicrographs of the Cretaceous sandstones showing 
different types of cements. 
(A) Iron oxide cement forming a black coating around 
detri tal grains. Oversize empty voids (x) 
represent completely leached felspars (x 93, 
uncrosssed). 
(B) Iron oxide occuring along cleavage traces of 
altered felspar marked by arrow, upper right 
part of photograph (x 93, uncrossed). 
(C) Advanced stage of felspar alter'o.tion (x 93, 
uncrossed). 
(D) Calcite cement infillings of interparticle pore 
spaces (x 93, uncrossed). 
(E) The interparticle pore space is lined with iron 
oxide and remaining space filled up with blocky 
mosaic calcite cement (x 93, uncrossed). 
(F) Dissolution and replacement of detri tal quartz 
by calcite cement (x 93, crossed). 
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Iron oxide cement ranges from 1 to 36 percent and averages 
4 percent in the studied sandstones (Table 6) . 
Calcite Cement 
Calcite cement ranges from 1 to 51 percent and averages 
17 percent (Table 6) . The cement increases towards the eastern 
part of the formation. In many samples calcite cement occurs as 
infillings of Interparticle pore spaces (Plate-XIII D,B). The cement 
consists of finely crystalline equant, anhedral crystals forming 
blocky mosaic. Some of the samples show styloli tes within the 
calcit cements. Along these stylol i tes , dark brown fine grained 
material has became concentrated As mentioned elsewhere, the quartz 
grains have been subjected to dissolution and replacement by the 
calcite cement (Plate-XIII F) . This process Is evidenced by several 
features, such as etching, p i t s , notches, embayments, and partial 
replacements of detri tal grains. 
CHAPTER IV 
DETRITAL MODES, PETROFACIES AND PROVENANCE 
I N T R O D U C T I O N 
During the last two decades, several authors (Crook, 1974; 
Schwab, 1975; Dickinson and Suczek, 1979; IngersoU and Suczek, 
1979; Valloni and Maynord, 1981; Dickinson et a l , 1983; Valloni, 
1985) have demonstrated a close correlation between composition 
of terrigenous sediments/sedimentary rocks (in particular sandstone) 
and plate tectonic settings. The relative proportions of detri tal 
framework grains plotted on triangular diagrams are believed to 
discriminate among a variety of plate tectonic settings and provide 
a tool in the interpretation of plate interactions in the geological 
past (Ingersoll, 1983, Korsch, 1984; Lash, 1986; Jett and Heller, 
1988). The use of quantative detri tal modes calculated from point 
counts of thin sections, to infer sandstone provenance is now well 
established (Dickinson, 1985). 
Although detrital modes of sandstone suites primarily reflect 
the different tectonic settings of provenance terra ins , various 
sedimentological factors also influence sandstone composition, some 
times strongly. Relief, climate, transport mechanism, depositional 
environment, and diagenetic changes all can be important secondary 
factors in determining the detri tal composition of sandstones. 
The detrital composition of sandstones of the Cretaceous 
sedimentary sequence of the Lower Narmada basin was studied with 
113 
a view to interpreting the plate tectonic setting of their provenance 
and to analysing the influence of other factors on composition of 
the sandstones. 
114 sandstone samples covering the entire preserved thick-
ness of the Cretaceous sedimentary sequence were collected from 
11 measured stratigraphic sections. The sandstones are mainly fine 
to medium grained (86.5 per cent); some are ei ther coarse grained 
or very fine grained. 
Thin sections were made and stained with cobalt nitr i te 
for identification of K-felspar and plagloclase (Bailey and Stevens, 
1960). About 400-600 points per thin section were counted for 
determining the modal composition (Table 7 ) . The sandstones, 
comprise on average 97.5 per cent quartz, 1.5 per cent felspar, 
1.0 per cent rock fragments and minor amounts of mica (muscovite 
and biotite) and heavy minerals (tourmaline and ru t i le ) . According 
to Folk 's (1960) classification, the sandstones are predominantly 
quartz arenite (88 per cent). Minor types include subarkose (7 
per cent), sublitharenite (3 per cent) and arkose (2 per cent) . 
DETRITAL MODES 
The generation of reproducible detr i tal modes requires the 
establishment of clearcut operational definition for different grain 
types (Dickinson, 1970). There is no limit to the number of 
categories of grains that can be counted, but effective regional 
or global comparison of sandstone composition is facilitated by 
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grouping grain types into few general categories (Dickinson, 1985). 
In accordance with Dickinson's (1985) scheme, detr i tal 
modes of the sandstones under study were identified and recalculated 
to 100 per cent as the sum of Qm, Qp, P, K, Lv and Ls (see Table 8 
for key to symbols). 
Table 8 - Classification and symbols of grain types (after Dickinson, 
1985). 
A - Quartzose grains (Qt = Qm + Qp). 
Qt = total quartzose grains. 
Qm = monocrystalline quartz. 
Qp = polycrystalline quartz (recrystallized metamorphic quartz, 
stretched metamorphic quartz, cher t ) . 
B - Felspar grains (F = P + K). 
F = total felspar grains. 
P = plagioclase grains. 
K = potash felspar grains. 
C - Unstable l i thic fragments (L = Lv + Ls). 
L = total unstable l i thic fragments. 
Lv= volcanlc/metavolcanic l i thic fragments. 
Ls= sedimentary/metasedimentary li thic fragments. 
D - Total l i thic fragments (Lt = L + Qp) 
Intrabasinal grains, extrabasinal carbonate grains or detri tal 
lime clasts are absent, and heavy minerals were excluded while 
116 
recalculating the detrital modes. Heavy minerals, although important 
for provenance interpretation, are not taken into account, because 
their volumetric distribution is highly variable in view of their 
different response to hydrodynamic and geochemical influences 
(Dickinson, 1985). 
Detrital modes of the sandstones calculated according to Dickinson's 
(1985) classification scheme are described below and their 
percentages are shown in Table 9. 
Qiiartzose Grains 
Monocrystalline quartz (Qm) is the dominant constituent 
and forms 25 to 100 per cent in various samples, averaging 79 per 
cent. The grains are Subequant and mostly subrounded, having few 
appearances 
tiny inclusions." ' '^hey present clear^ and show straight 
to slightly undulose extinction. 
Poly crystalline quartz (Qp) is of three types including 
recrystallized metamorphic quartz (RMQ), stretched metamorphic 
quartz (SMQ) and chert . Percentages of RMQ range from 1.0 to 75.0 
per cent and average 18.0 per cent. The subindividual grains of 
a RMQ grain are equidimensional with straight contacts and widely 
different optic orientation^piatd XIV A). 
SMQ constitutes 1 to 5 per cent and averages 0.25 per cent. 
SMQ grains are elongated and contain elongated sub-individuals with 
sutured or crenulated boundaries (Plate XIV B) .The sub-individuals 
show highly undulose extinction. 
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The chert fragments comprise 1.0 to 5.0 per cent and 
average 0.9 per cent. Some chert grains show recrystallization into 
microcrystalline quartz, showing transition to RMQ grains (_iate XIV C). 
Felspar Grains 
Felspar grains constitute 1.0 to 26.0 per cent and average 
1.5 per cent. Felspar grains are generally subequent with subrounded 
to well rounded outlines. Some angular to subangular grains also 
occur. Most felspar grains are altered but some are fresh (Plate XIV D), 
K-felspar including microcline, perthi te and orthoclase range 
from 1.0 to 8.0 per cent. They mainly occur In samples obtained 
from Mohan and Tamria sections. In other sections they occur in 
a few samples or are entirely absent. 
Plagioclage felspars occur in s t i l l lesser amounts, ranging 
from 1 to 3.0 per cent. They mostly occur in Hutwee, Tamria, and 
Mohan sections. Some samples obtained from Surpan section contain 
unusually high percentages of plagioclase felspars ranging from 12.0 
to 26.0 per cent. These sandstones are very fine grained to coarse 
sil t size, poorly sorted and contain appreciable amounts of clay 
matrix. 
Unstable Llthic Fragments 
Rock fragments comprise nearly 1.0 per cent of the detri tal 
fraction. They include those derived from low rank metamorphic 
argi l l i tes (phyll i tes and silt stones). The phyll i te and' 
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Plate XIV Photomicrographs of the Cretaceous sandstones showing 
detri tal constituents. 
(A) Recrystallized metamorphic quartz grain at the 
center of the photograph (x 93, crossed). 
(B) Stretched metamorphic quartz grain (x 93, 
crossed). 
(C) Chert clast (x 34, crossed). 
(D) Fresh felspar grain marked by arrow in the 
right central part of photograph (x 93, 
crossed). 
(E) Phyllite fragment (x 93, crossed). 
(F) Siltstone fragment (x 34, crossed). 
B 
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. Siltstone fragments are observed in coarse fraction. (Plate 
XIV, E, F) . 
PROVENANCE COMPOSITION 
The dominant detri tal mode of the sandstones is monocry-
stalline quartz (average 79 per cent) followed by polycrystalllne 
quartz (average 18 per cent). 
Mono or polycrystalllne quartz in sandstones may be derived 
from plutonic or volcanic igneous rocks, metamorphic rocks, or 
sedimentary rocks. Discrimination between igneous (plutonic) and 
metamorphic origins of common monocrystalline quartz is based on 
inclusions, shape, and extinction (undulatory or not) . Many workers 
found that these cri teria are usually difficult to apply, in part 
because such at tr ibutes as shape and extinction show wide variations 
in the same rock and an assessment of them is very subjective. 
However, dominance of monocrystalline, nonundulose and high spher i -
city quartz grains in the sandstones suggest derivation from mainly 
plutonic and high rank metamorphic rocks. 
Absence of zoned plagioclase grains from the sandstones 
Indicates derivation from non-volcanic sources. Zoned plagioclase 
felspars, regardless of type of zoning, are strongly indicative of 
a volcanic source whereas they are rare in plutonic igneous and 
metamorphic rocks. 
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Perthitic felspar is indicative of slow cooling and hence 
characteristic of the plutonic sources. Orthoclase and microcline 
are also derived from acid plutonic rocks. 
Rock fragments are among the most informative of all 
detr i tal components and they were carefully studied to determine 
provenance. In coarser size fractions rock fragments could be easily 
identified. As size decreases, identification becomes more difficult 
and more subjective. In the studied sandstones, rock fragments 
include stretched metamorphic quartz, phyl l i te , slltstone and chert 
fragments. They indicate derivation from low rank metamorphic 
rocks such as phyll i te , quartzlte and schis ts , and carbonate terrains. 
There was hardly any contribution from volcanic assemblages in 
view of the absence of volcanic rock fragments as well as zoned 
plagloclase as indicated elsewhere. 
Micas are generally derived from schist and gneisses, from 
plutonic igneous rocks, and from volcanic sources. Because of 
s tabi l i ty , muscovite is more common in sediments than biotite which 
is also true for the sandstones under study. Mica forms a very 
small percentage of the sandstones and hence do not throw much 
light on their provenance. 
Heavy minerals occur in very small amounts in the sand-
stones and include tourmaline and rut i le . The blue-green variety 
of tourmaline indicates granite-pegmatite source but rounded nature 
of the grains suggest derivation from reworked sediments. Rutile 
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might have been derived from acid metamorphic rocks or even 
reworked sedimentary rocks. Force (1980) studied the distribution 
of rutile in source rocks and found this mineral to occur chiefly 
in metamorphic rather than igneous rocks. 
It may be concluded that the provenance of the sandstones 
consisted of plutonic and high rank metamorphic rocks, and low 
rank metasedimentary and carbonate ter ra ins . At this juncture, it 
is relevant to examine the composition of basement rocks from which 
the sandstones were derived and to compare i t with the inferred 
composition. 
Composition of Basement Rocks 
The Cretaceous sedimentary sequence rests unconformably 
upon the Precambrian basement (Fig. 3) which comprises Lower 
Proterozoic-Archaean granite-gneisses and ultrabaslc rocks. Middle 
Proterozoic Aravalli Supergroup and Champaner Group, and Middle 
Proterozoic and Upper Proterozoic granites and ultrabasic rocks. 
The basement is exposed over a large tract from Bagh to 
Pavagarh, N and NW of the study area. The Lower Proterozoic-
Archaean pre-Aravalli granite-gneisses extend westward of Jobat 
upto Chot audaipur. Isolated patches of phyl l i te , mica schist , 
quartzite with conglomerates and dolomites belonging to the Aravalli 
Supergroup (Middle Proterozoic) occur in the basement tract between 
Jobat and Chota Udaipur. A large tract of Upper Proterozoic granites 
forms the basement W and N of Chota Udaipur. 
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Two large patches of Aravalli Supergroup (Middle Proterozoic) 
are seen around the towns of Jobat and Bagh respectively. In the 
tract between the two patches, the basement is mostly covered 
by the Deccan Traps and the Cretaceous sedimentary sequence. 
The Aravalli supergoup comprises mainly low grade meta-
sedlmentary rocks which include slate, phyl l l te , mica schist , 
quartzite, conglomerate and dolomite. 
The Champaner Group is exposed around the ancient town 
of Champaner at the Pavagarh hi l l and extends for about 30 km 
to wards E. The principal constituent rocks of the Champaner Group 
are quartzites or quartzitic sandstones. Other lithologies include 
slate, conglomerate and crystalline carbonates with occasional ferru-
ginous bands. 
PETROFACIES 
For the study of provenance two standard triangular diagrams 
Qt - F - L and Qm - F - Lt (Dickinson, 1985) were employed which 
show compositional fields characteristic of different provenances 
(Fig. 41, A,B). The different diagrams lay emphasis on different 
aspects, Qt - F - L plots on maturity, Qm - F - Lt plots on source 
rocks. 
The studied samples in Qt - F - L diagram lie dominantly 
(95.0 per cent) within the continental block provenance field 
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(Fig. 42A). About 5.0 per cent samples lie In the recycled orogen 
provenance field. In the Qm - F - Lt diagram maximum number 
of samples (92.0 per cent) fall within the recycled orogen provenance 
field (Fig. 42B). About 8.0 per cent samples lie in the continental 
block provenance field. 
Discaassion and Interpretation 
Plots of the studied sandstone on the standard triangular 
diagrams indicate two entirely different provenance types, that 
i s , continental block and recycled orogen. These apparently contra-
dictory results need explaining. In the Qt - F - L diagram, the 
sample points are mainly concentrated near the Qt pole, lying within 
the continental block provenance. When Qp Is separated from Qt 
and added to L, the sample points spread out and form a quartzo-
l i th ic array of compositions that plot near the Qm - Lt leg of 
the diagram, that i s , within the recycled orogen field. Three vital 
aspects of the sandstones including high proportion of polycrystalline 
quartz, general absence of felspars, and degree of textural maturity 
need to be crit ically examined in order to evaluate the influence 
of various factors, especially palaeoclimate on the sandstone 
composition. 
Paleogeographic reconstruction of the earth at 100 m.y. 
(Thompson 8 Barren, 1981) shows that the study area was located 
at that time nearly at latitude 44° S of the equator, and within 
a wide humid tropical belt with luxuriant plant life that extended 
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upto 45° N and S of the equator. At this latitude the average 
annual temperature was estimated as 21°C. The hot and humid 
paleoclimate of the Narmada area should have effected the compo-
sition of the sediments deposited during the mid Cretaceous. 
Therefore, highly quartzose nature of the sandstones under study 
needs to be examined in the light of humid tropical climate 
prevailing in the Narmada basin at the time of their deposition. 
The rate of erosion is controlled by relief and climate 
in the area; uplift and erosion gradually unroof the rocks and 
eventually expose those in the core of the highland (Basu, 1985). 
Thus, exposure and the duration of exposure of a rock type in 
the source area is also a function of relief and climate which 
provide a certain degree of topographic maturity to a highland. 
Climate of an area is however, independent of any direct tectonic 
control and many exceptions to the now well established relationship 
between tectonic setting and sandstone composition may be traced 
to the vagaries of climate in the source areas (Mack, 1984). The 
more important parameters in rock weathering are rainfall and 
temperature which are dependent on lati tude, elevation and 
orographic effects, and on land-water distribution. Rainfall and 
temperature have a profound effect on the rock-weathering and 
determine the rate of erosion to a large extent. Rainfall and 
temperature also control, to a large extent, the growth of vegetation 
and the attendant biomass in a highland area, and this significantly 
contributes to biochemical alteration of original rock material. 
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It is quite likely that the proportion of clay relative to the sand 
fraction in the regolith or soil developed in hot humid climate would 
be much higher. 
The ratio of polycrystalline to monocrystalline quartz appears 
to be a maturity index, because polycrystalline quartz is eliminated 
by recycling and distintegrates in the zone of weathering as does 
strained quartz (Basu, 1985). The sandstones have generally a 
considerably high percentage of monocrystalline quartz (79 per cent) 
as compared to polycrystalline quartz (18 per cent), which indicates 
removal of polycrystalline quartz by weathering and recycling. The 
low percentages of polycrystalline quartz may also be ascribed to 
fine size of grains. However, a high ratio of polycrystalline to 
monocrystalline quartz, such as those occurring in some samples 
of the studied sandstones suggests derivation from a tectonic terrane 
without significant weathering (Basu, 1985). 
Abundance of felspar is a kind of maturity index because 
much felspar is destroyed by weathering where relief is low and 
rainfall high. Generally very small percentages of felspar in the 
sandstones suggest that they were lost in the soil profile or by 
abrasion during transit or lost by solution during diagenesis. However, 
occurrence of weathered and fresh felspars together indicate derivation 
from two different sources. 
The unconformity separating the Precambrian basement rocks 
and the overlying Cretaceous sandstones represents a very long 
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interval of time during which long continued weathering, especially 
undef humid tropical climate, and presumed tectonic stabil i ty should 
have destroyed all labile constituents including felspar in the soil 
profile and produced a compositionally and texturally supermature 
sediment. However, 9 per cent of the studied samples are subarkose 
to arkose containing more than 5 per cent felspar. In some thin 
sections of very fine grained sandstones markedly high percentages 
of felspar (upto 26 per cent) are present. It is quite likely that 
abundance of felspar in the fine grained rocks is either due to 
preservation of only small grains of felspar resulting from abrasion, 
or low permeability of the fine grained sediments impairing circula-
tion of mateoric or subsurface water and resulting dissolution. In 
many thin sections of the sandstones, dissolution of felspar is noted, 
some times yielding oversize pores. It appears therefore that 
diagenetic processes have altered the depositional composition of 
the sandstones which contained a higher proportion of felspars at 
the time of deposition. This implies that the sandstones do not 
represent the true quartz arenites deposited In tectonically stable 
craton. This is supported by textural at tr ibutes of the rocks, such 
as their generally moderate sorting and subrounded to subangular 
grains. Most samples are texturally immature to submature (Table 10). 
CONCLUSIONS 
Composition of the sandstones can be matched directly with 
the basement lithologies. The predominant constituent - non-undulose. 
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high spherici ty, monocrystalline quartz was mainly derived from 
granite-gneisses. Phyllite fragments and stretched metamorphic 
quartz came from low-grade metasedimentary rocks of the Aravalli 
Supergroup. Occasionally occurring reworked sedimentary rock 
fragments and rounded grains of tourmaline were also derived from 
low grade metasedimentary rocks. The origin of recrystall ized meta-
morphic quartz can be traced to recrystall ized metaquartzites and 
gnelssic rocks. The felspars (microcline, per thi te , orthoclase) 
originated mainly from granites and gneisses. Absence of zoned 
plagloclase precludes any significant contribution from volcanic 
sources. 
The highly quartzose nature of the sandstones may be 
ascribed to two main factors' humid tropical palaeo-climate and 
elimination of felspar during diagenesis. The presence of markedly 
high percentages of felspar (upto 26 per cent) and textural at tr ibutes 
of the sandstones do not indicate highly mature detri tus of a truly 
stable platform succession. A recycled orogen provenance is ruled 
out in the context of palaeogeographic setting of the basin which 
formed part of the interior of Gondwana and must have been a 
cratonic area. 
An integrated approach suggests that the sediments were 
derived from fault-bounded uplifts of continental basement rocks 
and accumulated, without much transport in the incipient rift belt 
of the Narmada basin. The sediments were yielded both by meta-
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sedimentary/sedimentary cover rocks (Aravalli Supergroup) and the 
basement granite-gneisses. The sands derived from cover rocks show 
affinity with detritus shed from recycled orogen (See Mack, 1984).The 
originally quartzo-felspathic sands derived from uplifted granite-
gneiss basement sources were modified by diagenetic processes, 
especially leaching and destruction of fe lspars . Only a few arkosic 
sandstones are s t i l l preserved. A tectonically active terrane is also 
evidenced by high ratio of polycrystalline to monocrystalline quartz, 
reaching as high as 3:1 in some samples of the studied sandstones. 
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CHAPTER - V 
PALAEOCURRENTS AND PALAEOGEOGRAPHY 
I N T R O D U C T I O N 
Palaeocurrent work became a routine analytical procedure 
in the study of sedimentary basins since early f if tees. During the 
last four decades description and classification of sedimentary structures 
and a broad knowledge of bedforms and hydraulics provided further 
impetus to palaeocurrent study which has now become a regular 
component of basin analysis. 
The technique can provide information on the following four 
main aspects of basin development (Potter and Pettljohn, 1977, Miall, 
1985). 
i) Palaeogeography and direction of local or regional palaeoslope. 
ii) Depositional environment. 
iii) Direction of sediment dispersal and sediment provenance. 
iv) Geometry and trend of sand bodies. 
Interpretation of palaeocurrent data in ancient sediments 
required careful analysis because the interrelationship between 
palaeocurrent, palaeoslope, depositional s t r ike , sand body geometry 
and direction of provenance may not be simple (Klein, 1967; Selley, 
1968). 
In the present study reconstruction of palaeocurrents and 
sediment dispersal was mainly based on large scale cross bedding; 
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other types of directional structures are rarely observed in the 
study area. Ripple marks are rarely exposed on bedding surfaces 
and yielded insufficient data for a meaningful analysis of palaeocurrents. 
Both planar and trough cross bedding are common in the 
study area, but plenar cross bedding is more common. The cross 
bedding is mostly of large-scale type (set thicknesses"/* 5 cm). A 
total of 68 measurements of thicknesses of cross bedding sets were 
obtained from 7 localities of the area. The set thicknesses range from 
2 to 80 cm, and average 16 cm (Appendix 3,). The frequency distribution 
of set thicknesses, grouped in 5 cm classes, is multimodal (Fig. 43A). 
Most sets (42.5 percent) are 5 to 10 cm thick; about one-third (28.0 
percent) are 10 to 30 cm thick; and 12 percent sets are 30 to 50 
cm thick. Set thicknesses exceeding 50 cm are ra re . The maximum 
set thickness of 80 cm was observed in the Kakanpur section. The 
small scale cross-bedding sets (^C 5 cm thick sets) are also uncommon 
(16.0 percent) . There is no systematic vert ical variation in thicknesses 
of cross bedding sets within individual sandstone units and a few 
centimetres thick sets occur interbedded with a few tens of centimetres 
thick sets . 
Inclination of cross bedding was measured directly on the 
exposed foreset planes of planar cross bedding. A total of 72 inclina-
tion values were recorded at 11 localities of the study area. The 
inclination values range from 5° to 39° and average 15° (Appendix3), 
The frequency distribution of' inclination values, grouped in 5° classes, 
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is bimodal with 5°-10° class as the primary modB and 25°-30° class 
as the secondary mode (Fig. 43B). 
METHOD OF PALAEOCURRENT STUDY 
Palaeocurrent study was carried out in a systematic manner 
involving the following s teps: collection of azimuthal data, variabi l i ty 
analysis of the data, and interpretation of the data. 
Collection of Data 
Palaeocurrent data was carefully documented in field. For 
every observation recorded in the field, the following information 
was included: location and precise position in a stratigraphic section; 
cross bedding type and i t s scale; and azimuth of cross bedding. The 
data included mainly azimuths of cross bedding orientation. However, 
few azimuths of r ipple asymmetry, were also recorded. 
To avoid errors in measurements, azimuths were measured 
directly on exposed foreset planes of planar cross bedding. In the 
case of trough cross bedding, axis of exposed trough was also measured 
direct ly . Since the rocks are undisturbed and local dips rarely exceed 
a few degrees t t l t correction was not required. Sampling every available 
cross bedded unit along the stratigraphic sections, permitted the 
evaluation of both local and regional palaeocurrent t rends. The number 
of azimuths recorded from individual localities range from 3 to 43. 
A total of 145 cross bedding azimuths were collected at 11 locali t ies. 
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Variability Analysis 
Variability analysis of cross bedding azimuths was carried 
out by conventional methods of constructing rose diagrams by grouping 
cross bedding azimuths in 30° classes, and determining statist ical 
parameters of azimuthal var iabi l i ty . Potter and Petti John (1977) and 
Curray (1956) discussed arithmatic and vector methods of calculating 
mean, variance, vector strength and statist ical tests for randomness. 
The determined statistical parameters included vector mean (Ov), vector 
2 
magnitude (L%) standard deviation (S) and variance (S ) . 
For many polymodal distributions vector mean is not meaningful 
in view of the involvement of currents moving in more than one direc-
tion. This problem was first pointed out by Tanner (1959). In the 
study area many localities show polymodal distribution of cross bedding 
azimuths. Therefore, in order to determine the different current 
directions in a polymodal distribution, modal vector means were 
determined with the help of Kelling's (1969) method of separating 
different subpopulations. 
Interpretation 
Interpretation of sediment dispersal pattern, especially in 
combination with facies analysis was attempted in order to obtain 
a well integrated picture of palaeocurrents, sediment dispersal and 
palaeogeography of the basin. 
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PALAEOCURRENT PATTERNS 
The palaeocurrent rose diagrams constructed at different 
localities are mostly poly modal (Fig. 44). Four localities show unimodal 
distribution. Out of 7 polymodal distributions, 5 are bimodal and 
2 trimodal. The bimodal distributions are bipolar, with the two modes 
oriented at or nearly at 180°. The only exception is at Umrali where 
the two modes are oriented at 90°. In the trimodal distributions, 
two modes are oriented at 180° and the third mode lies at 90° to 
the other two modes. 
The different localities of the study area were grouped into 
two sectors as they markedly differ in palaeocurrent directions. Six 
localit ies, namely Surpan, Sadiwasan, Rajawat Chiklee, Galesar Mohan 
Kakanpur were included in one sector, the western sector. The eastern 
sector included five localities, namely Umrali, Walpur, Khurwat, Tamria 
and Hut wee. The palaeocurrent rose diagram for the western sector, 
based on 95 azimuths, is trimodal (Fig. 45A). The SSE mode and NNVV 
mode are almost equally developed and oriented at 180°. The th i rd , 
WSW mode is less developed. 
The eastern sector rose diagram, based on 50 azimuths, is 
bimodal-bipolar (Fig. 45B). The WSW, primary mode is oriented 180° 
to the ENE, secondary mode. The two sector-level rose diagrams differ 
markedly from one another in palaeocurrent directions. 
The area composite rose diagram based on aggregate azimuthal 
data collected from the study area is quadrimodal with the four modes 
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oriented at 90° (F ig . 45C). The t h r e e modes, NNW, WSW and SSE a r e 
almost equal ly deve loped , but the fourth, ENE mode i s much l e s s 
deve loped . 
STATISTICAL P A R A | 4 E T E R S OF AZIMUTHAL VARIABILITY 
Sta t i s t i ca l parameters of v a r i a b i l i t y of c ross bedding azimuths 
at different l eve l s of sampling, that i s , l o c a l i t y - , s e c t o r - , area leve l 
a re given in l&blel l Model vec to r means determined for polymodal 
d i s t r i bu t ion a re given in Table 12. For l o c a l i t y - l e v e l d i s t r i b u t i o n , 
vec tor mean azimuths (Ov) range from 87° to 291°. For the western 
and eas te rn sec to r s the r e s p e c t i v e vec tor mean azimuths a r e 221° and 
232°. For the area composite d i s t r i bu t ion vec to r mean azimuth i s 
237°. 
Vector magnitude (L%) values at va r ious loca l i t i e s range from 
15 to 100 percent and average 61 pe rcen t . For the two sec to r s L% 
values a re 22 percent (western sec tor ) and 36 percent ( e a s t e r n sec tor) 
The Life for the area aggregate d i s t r i bu t ion i s 30 pe rcen t . 
Standard devia t ion (S) values of l oca l i t y - leve l d i s t r i bu t i ons 
range from 15 to 98 and average 57. The sec tor - leve l va lues a re 
not markedly di f ferent , being 86 for the western sec tor and 84 for 
the eas te rn s ec to r . The area composite value i s 84. 
2 
Variance values (S) of the loca l i ty leve l d i s t r i b u t i o n s range 
from 225 to 9799 and average 4045. The s e c t o r - l e v e l values a r e : 
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WESTERN SECTOR EASTERN SECTOR 
Fig. 45 Sector - level and area composite palaeocurrent rose 
diagrams based on large scale cross bedding azimuths, 
Cretaceous sandstones, Rajpipla-Jobat area. 
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western sector, 7440; and eastern sector, 7080. The area composite 
variance is 6984. 
DISCUSSION AND INTERPRETATION 
Palaeocurrent in the study area are characterized by dominance 
of bimodal - bipolar pattern, both at locality and sector levels . This 
type of pattern, though characteristic of tidal processes, has been 
described from other environments also. The pattern is generally 
suggestive of periodic 180° reversal of current direction leading to 
downslope and upslope dispersal of sediment which is characteristic 
of tide dominanted environments such as estuary, tidal inlet and higher 
tidal flat and also operates on beaches (Klein, 1971, Reineck, 1972, 
Ginsberg, 1975, de Boer et a l . , 1988). 
Waves approaching shallow water at an angle to the shorelime 
produce longshore currents in the breaker zone which may also reverse 
at 180° with a change in the wind direction (Davis, J r . , 1978). 
Bluck (1976) described bimodal - bipolar pattern of cross 
bedding azimuths from some Scottish r ivers of low sinuosity, as a 
result of deflection of flow away from the main stream flow direction, 
alternating from one side of the r iver to the other. 
In the study area, biomodal- bipolar palaeocurrent pattern 
has been interpretated in relation to the facies and this aspect has 
been dealt with in some detail in Chapter VI of this thesis . The 
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palaeocurrent pattern has been related to tidal processes. Long shore 
currents may be ruled out in the absence of wave-formed structures 
and features characteristic of beach deposits in the sandstones. In 
case of low sinuosity r ive r s , the bimodal-bipolar pattern is rarely 
and locally developed and disappears when data from a larger area 
is considered (See Bluck, 1976, p . 446). In the study area, the pattern 
is not only dominant at the locality level but is maintained at higher 
level of sampling (both sectors show bimodal-bipolar pat tern) . This 
is in favour of a tidal origin. 
At Mohan and Umrali, palaeocurrent though reversing at 180°, 
are parallel to the elongation of sand body intreprated as channel-
f i l l . These channels flowed across the basin because their palaeo-
current modes are NNW and SSE. The eastern sector of the study area 
also comprises upward-fining channel sequences in which palaeocurrent 
modes demonstrate reversal along the basin ax is . Thus, channels flowed 
both across and along the Narmada basin, and currents reversed in 
both kinds of channels. The fades differences in the two types of 
channels are described in Chapter VI of this thesis . 
The basin opened westward and regional palaeoslope in the 
same direction is evidenced by a gradual drop in elevation of the 
basement and thickning of Cretaceous sedimentary sequence. In the 
context of this regional setup, sediment was dispersed with in the 
Narmada basin mainly down the regional palaeoslope and rarely upslope. 
Transverse drainage also played an important role in contributing 
sediment to the basin. 
CHAPTER VI 
FACIES ANALYSIS 
I N T R O D U C T I O N 
A detailed and meaningful interpretation of the strat igraphic 
sequence under study required i ts subdivision into units of similar 
aspects - the basic 'building blocks' which are generally termed 
' fac ies ' . The facies can be considered as a distinctive rock body 
that differs from vertically and laterally adjacent body by its 
physical , biological or chemical characterist ics (Harms et al 1975). 
A facies should ideally be a body of a rock that forms under certain 
conditions of sedimentation, relfecting a particular process or 
environment (Reading, 1986}. 
In the present study various facies have been recognised 
and defined on the basis of their colour, texture, bedding types, 
sedimentary structures, biogenic structures and fossils, and sediment 
dispersal pattern. In defining and designating the facies, emphasis 
have been placed on sedimentary structures and bedding sequences 
which are considered the most important tools for interpretation of 
deposltional environment of clastic rocks (Harms et a l . , 1975). Thus, 
five types of clastic facies have been recognised which include planar 
and tabular cross-bedded sandstone facies, trough cross-bedded 
sandstone facies, horizontal bedded sandstone facies, r ipple bedded/ 
flaser bedded sandstone facies, and si l ty shale facies. In addition. 
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two essentially carbonate fades were identified and consist of 
fossiliferous wackestone-packstone and terrigenous carbonate mud-
stone (micri te) . 
The second step in facies analysis consisted of establishing 
the facies sequence and association. The sequence in which the 
facies occur provides as much information as the facies themselves 
(Walker, 1984). Facies associations are groups of facies that occur 
together and are considered to be genetically or environmentally 
related (Reading, 1986). 
The type of contacts between facies were studied with 
a view to determining wether the facies immediatly followed each 
other in time by the migration of depositional environments or 
originated in widely separated environments. The study of facies 
sequence also helped in evaluating cyclicity of sedimentation. 
FACIES : DESCRIPTION AND INTERPRETATION 
Planar and Tabular Cross-bedded Sandstone Facies 
Description: 
This facies is dominant in the eastern sector of the study 
area at different localities including Surpan, Mohan, Galesar, 
Sadiwasan and Rajawat Chicklee. In the eastern sector, the facies 
is rare and occurs at Khurwat. It generally forms the basal part 
of the different sections. The facies has a maximum thickness 
of 12.5 m at Surpan and minimum of 1 m at Sadiwasan. 
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The facies comprises white to rusty brown, coarse to fine 
grained, moderately sorted to well sorted, fine to coarse- skewed 
sandstones. The sandstone are texturally immature to submature. 
Multiple sets of planar cross-bedding aire dominant in the facies. 
The sets of cross-bedding are 5 to 43 cm thick and occasionally 
much thicker up to 80 cm. They show regular set boundaries and 
straight foresets. The Inclination angle of foresets is variable; 
it is steeper (24° to 29°) in some sets , and gentler (8°-15°) in 
others . The average angle of inclination of foresets is 20°. At 
Mohan, foresets of cross-bedding show recumbent folding as a result 
of penecontemporaneous deformation. The cross-bedding sets show 
many characteristic features such as sigmoidal foresets and convex 
upward foresets. The sets of cross-bedding are inter-bedded with 
thin layers of green and purple shales and r ipple bedded sand-
stones. Large scale cut-and-fill structures filled with laminations 
paralleling the lower surface and troughs occur interbedded with 
the planar cross-bedded sandstones. 
The facies is on average medium grained, moderately well 
sorted, near symmetrical and mesokurtic. With decreasing mean 
size, sorting improves, skewness changes from negative to positive 
and fcurtosis becames more variable. On improvement in sorting 
the sediments become negatively skewed and platykurt ic. 
The facies generally shows upward fining grain size and 
improvement in sorting, well exibited in the Mohan and Surpan 
sections (Fig. 31, 33 ). However, coarsening upward sequences in 
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the facies also occur, for example at Galesar. 
The palaeocurrent pattern of the facies reconstructed on 
the basis of large-scale planar cross-bedding is generally bimodal 
and bipolar. However, the pattern is bimodal with the two modes 
at 90° at Khurwat and unimodal at Surpan. 
Interpretation; 
The erosive base, upward fining size and association 
with shales suggest that the facies was deposited in channels. 
The cosets of planar cross-bedding in the facies were deposited 
by a train of migrating sandwaves or bars . In general the bedforms 
had a straight deposltional foreset plane. The process that caused 
accretion of the lee face did not erode the surface over which 
the later migrated. However, deposition of planar cross- beds was 
often interrupted by either lower or higher velocity current as 
is evidenced by interbeds of r ipple bedded sandstone and large-
scale cut-and-flll structures. The small r ipple bedding suggest 
a decline in current velocity and deposition by small r ipples 
under conditions, where relatively less sediment was available 
and reworking was stronger. The small ripple-bedded sandstone 
and shales abruptly overlie the large-scale planar cross-bedded 
sandstone with a sharp contact thereby indicating sharp fluctuations 
of currents. The cut-and-fill structures also suggest a sharp increase 
in current velocity which eroded the deposltional surface, followed 
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by a sharp decline in the currents when sand was deposited from 
suspension with in the eroded through. 
Ri'pple cross lamination (Plate VA) resemble tidal bundles 
(Visser, 1980; Terwindt, 1981, Reineck and Singh, 1980). Deformed 
cross-bedding of the facies resembles that reported mainly from 
fluvial environment (See Allen, 1982). The lateral persistance, 
similar form and recumbent nature of the folds suggest that deforma-
tion has resulted from current drag on the upper surface of the 
cross-bedded sands which was liquidized at the time of deformation 
(Allen S Banks, 1972). Penecontemporaneously deformed cross-bedding 
though mainly reported from fluvial deposits, can also occur in 
other environments. Allen 8 Banks (1972) demonstrated that it could 
result from the drag of ordinary r iver or tidal currents, provided 
the sand was liquidized. 
Some features of the facies suggest a tidal environment. 
For example, the sediment dispersal of the facies is generally 
NNW and SSE directions. The average angle of dip of planar cross 
starta is commonly 30° or more, i . e . close to the static angle 
of repose (Harms et al , 1975). The gently dipping cross-beds 
(8 to 10°) in the facies may be a product of tidal reworking (see 
Dalrymple,et aliy75)Mud drapes over sets of cross-bedding also 
suggest tidal processes. 
To summrise, the facies was deposited in channels in which 
sand was transported mainly as bed load in the form of straight-
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crested becforms. The channels were frequently subjected to current 
fluctuations and were in all probability t idally influenced. 
Trough Cross-bedded Sandstone Fades 
Description; 
This facies occurs mostly in the eastern part of the study 
area at the localities Umrali, Walpur, Hatwee and Tamria. The facies 
is generally 2 to 4.5 m thick; at Walpur and Tamria it shows greater 
thicknesses of 11 m and 16 m respectively. The facies comprises 
light coloured sandstones showing purple grey and brown shades. 
A variant of the facies is trough cross-bedded pebble sandstone facies 
which is 3 m thick and occurs at Umrali, overlying the horizontal 
bedded pebbly sandstones. The sandstones are coarse grained, granular 
and trough cross bedded. 
The facies and i ts pebbly variaint are characterized by multiple 
sets of large-scale trough cross-bedding. The sets of cross-bedding 
are 8 to 40 cm thick. The foresets show graded bedding. The incli-
nation angles of foresets range from 10'' to 20°. At Tamria the facies 
is closely interbedded with planar cross-bedding. 
The sandstones are fine to medium grained and contain granule-
size quartz grains in the basal part of the section at Tamria. They 
are moderately sorted to well sorted and fine to coarse skewed. The 
textural maturity of the sandstones is highly variable and ranges 
from supermature to Immature. On average, the sandstones are fine 
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grained moderately well sorted, near symmetrical and mesokurtic. 
Decrease in mean size is accompanied by improvement in sorting, 
change from positive to negative skewnes?, and decrease in kurtosis. 
Improvement in sorting is related to change from negative to positive 
skewness . Kurtosis decreases with a change from positive to negative 
skewness. 
The facies shows upward fining mean grain size at Tamria 
and Walpur, where it is considerably thick. However, sorting both 
decreases and increases upward. 
The palaeocurrent pattern of the facies is bimodal at Walpur 
and Indicates sediment transport in SW and SE directions. The bimodal 
pattern at Hutwee suggests reversing currents oriented WNW and SE; 
the WNW currents being stronger. At Tamria the palaeocurrents pattern 
is unlmodal and directed WSW. In the pebbly variant at Umrali, Palaeo-
currents are directed ENE to N. 
Interpretation; 
The erosive base, upward-fining grain size and upward passage 
into ripple-and flaser-bedded sandstones suggest that the facies was 
deposited in a channel by trains of migrating dunes. 
The marine influence on the channels is demonstrated by close 
association of the facies with fossillferous wackestones which occur 
as thin interbeds within the facies and contain open marine fossils. 
The tidal influence is shown by bimodal-bipolar cross-bedding, such 
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as at Hutwee. With in the channels, the bedforms migrated mainly 
in the WSW to WNW direction. However, sediment was also dispersed 
SE to some extent. The facies is interpreted to represent within 
channel sediments deposited in deeper subtidal part of an estuary 
where marine influence was more pronounced. 
Horizontal bedded Sandstone Facies 
Description: 
This facies was mainly observed at four localit ies: Hutwee, 
Kakanpur 
Galesar , /and Kfturwat. It occurs associated with planar cross bedded 
sandstone facies. 
At Hutwee the facies (1.5 m thick) occurs in a channel-fill 
and forms a transition from large scale trough cross-bedded sandstone 
facies to f laser-bedded sandstone facies. The facies comprises very 
fine to medium grained, moderately well sorted, near symmetrical 
and texturally immature sandstones. 
At Galesar, Kakanpur and Khurwat the facies occurs inter-
bedded with planar cross - bedded sandstones and forms a few tens 
of centimeters to 2 m thick deposits of moderately sorted to well 
sorted, fine to medium grained, texturally immature sandstones. At 
Kakanpur, where thicker channel-fills occur some beds appear massive 
without any well-defined structure. 
A variant of this facies, horizontal bedded pebbly sandstone 
facies occurs in the eastern part of the study area at Umrali. It 
is 3 to 4 m thick and consists of white coarse grained, very well 
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sorted, granular sandstones with abundant pebbles. The pebbles range 
in size from 1.5 to 3 cm, and are subrounded to rounded. The 
pebbles are generally composed of quartzite and jasper . The sand-
stones are horizontal bedded and pebble layers parallel the bedding. 
On average, the horizontal bedded sandstones are medium grained, 
moderably well sorted, fine skewed and leptokurtic. With decreasing 
grain size var iabi l i ty of both sorting and skewness increases, but 
that of kurtosis decrease. Both sorting and kurtosis decrease along 
with a change from positive to negative skewness . 
Interpretation: 
The horizontal bedded sandstones can be deposited by different 
processes in different environments ('Rein '^fck and Singh, 1980]. The 
fades of the study area which forms part of a channel fil l , for 
example, at Hut wee, in all probability represents deposition under 
plane bed phase of a high flow regime. The horizontal bedding can 
be formed by both the migration of low relief bed forms and the 
turbulent brusting processes (Paola et a l . 1989). 
The horizontal bedded peobiy sandstone facies also 
appears to be a product of sand deposition under upper flow regime 
plane bed conditions. The alternation of pebbly layers with sandy 
layers does not indicate a great amount of current fluctuations (Harms 
et a l . , 1975). Relatively small fluctuations of flow strength can cause 
either roling of gravel on the bed with suspension of sand or cessation 
of gravel roling and simultaneous deposition of sand. 
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The origin of massive sandstone beds occurring in association 
with horizontal bedded sandstones within large channel-fills at Kakanpur 
cannot be attributed to bioturbation as there is hardly any evidence 
of organic activity in the beds. Their occurrence in large channels 
rather suggests rapid sedimentation and dumping of the sediment as 
a homogenous mass. 
Ripple-bedded and Flaser-bedded Sandstone Fades 
Description: 
This facies is well developed in the eastern part of the 
study area occurring at Walpur, Hut wee, Khurwat and Tamria. It 
Is far less developed in the western part of the area and forms thinner 
units at Surpan, Mohan and Kakanpur. The facies is generally 1 to 
4.5 m thick, but at Walpur and Tamria it is 12 m and w;5m thick 
respectively. At Kakanpur, sandy content i s higher in the facies which 
comprises 10-30 cm thick essentially sandstone units alternating with 
20 to 120 cm thick units of interbedded sandstone and shales. 
The facies comprises white to light brown, calcareous 
sandstones with very thin (mm- thick) olive and chocolate shale 
partings occuring as discointixiuous layers, lentlcles and flasers. The 
sandstone layers are 1 mm to 1,5 cm thick. Shale pebbles are common. 
The sandstones show uneven ripple bedding, lenticular-bedding 
and f laser-bedding. The sandstone lenses show planar cross-bedding. 
Occasional single sets of large-scale planar cross-bedding and trough 
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cross-bedding occur within the facies. Straight crested, asymmetrical 
r ipple marks of average 5-8 cm wave length and interferences r ipple 
marks are common on the bedding surfaces. Small-scale troughs ( r ib -
and-furrow) are developed on the foresets of the large-sscale planar 
cross-bedding and are oriented at 90° in the Hutwee section. Biotur-
batlon and cyclic depositss were observed in the facies. The lower 
part of the facies appears massive as a result of bioturbation. The 
cyclic deposits comprise individual cycles of average thickness of 
5 cm. Commencing with very fine sandstone and gradually passing 
upward into purple shales. 
The sandstones are fine to very fine grained, moderately 
sorted to moderately well sorted and fine skewed to coarse skewed. 
On average, the sandstones are fine grained, moderately well sorted, 
near symmetrical and platykurtic. With decrease in mean s i / . ' , sorting 
and kurtos";! ilso decrease and sk-e.-.Mess ch;i!ir : • from positive to 
net;..five impru-- nent in sorting is accompanied by an increase in 
kurtosis and chauij? from negative to positive skewness. Layers 'f 
medium sand (1.5 ^ to 2.0 ^) alternate with those of very fine sand 
(3.5 ij) to 4.0 ^ ) . The individual layers consists of ei ther well sorted 
mediun rtand or well sorted, very fine sand. However, such thin 
sections as a whole show moderate sorting. Bioturbation in certain 
layers has resulted in mixing of the two size populations and poor 
sorting. 
At Surpan, Walpur and Tamria, where the facies is considerably 
thick (8.5-15 m thick) vertical variation in grain size parameters 
could be properly evaluated. In general, the facies is characterized 
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by an upward-fining cycle. Sorting improves upward and skewness 
changes from negative to positive. 
At Mohan, palaeocurrents reconstructed on the basis of single 
sets of large-scale cross bedding occuring in the facies suggest 
southerly transport of straight crested sand waves and bars and 
westerly migration of dunes. 
Interpretation: 
The facies shows many features characteristic of tidal deposits 
which have been described by Van Straaten, 1954; Klein, 1970; de 
Raaf 6 Boersma, 1971; Reineck, 1972, Boersma Q Terwindet; 1981; 
Tprwindt, 1981, 1988; The features suggesting a tidal 
origin of the facies include very thin, flaser and lenticular bedding, 
a general fining upward sequence, drainage r ipple cross-lamination 
almost perpendicular to megaforesets, interference r ipple marks and 
micro scale cyclic deposition and shale pebbles. 
An Intertidal environment is indicated by small r ipple bedding 
developed almost perpendicular to the large-scale foresets which 
represent drainage via the trough of the sand waves at the time of 
emergence. An intertidal origin is also supported by the occurrence 
of shale pebbles. 
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Laminated Siltstone-Shale Facies 
Description: 
This facies is generally highly weathered and hence it is 
difficult to observe i ts features. The facies was observed mainly 
in five sections: Surpan, Mohan, Hutwee, Tamria and Khurwat where 
it generally overlies the flaser bedded-ripple sandstone facies. At 
Tamria the facies is thickest (12.0 m th ick) . It comprises mainly 
laminated siltstones interbedded with very fine to medium grained 
calcareous sandstones and shales. The silt layers , when examined 
under the microscope, show alternation of coarse, medium and fine 
(Plate XV A,B) 
silt and abandance of mica flakes./ Cross-lamination occur occasionally 
in sll ty layers . The layers are generally well sorted. The sandstones 
are moderately to well sorted, and fine-to strongly fine-skewed, and 
texturally submature. 
At Mohan, the facies comprises 2 m thick parallel laminated 
red shales overlying the multiple planar cross-bedded sandstones 
facies. The upper 10 cm of this shaly unit i s olive coloured. The 
shale unit is overlain by a 70 cm thick upward-fining cycle which 
comprises a 50 cm thick cross-bedded sandstone overlain successively 
by 12 cm thick r ipple laminated sandstone and 7 cm thick chocolate 
and olive shales. 
Interpretation; 
The fine grain size and absence of current generated 
Plato XV (A) Laminated s i l t s tone - sha le facies(x 64,uncrossed) 
Dark i r regular carbonaceous patches a r e marked 
by arrow in the upp^i ight par t of the photo-
graph , Mica IS abundant . 
(B) Laminated s i l t s tone - sha le facies (x 64, c rossed) 
coarses l aye r s a l te rna te with f iner l aye r s near 
the bottom of the photograph. 
B 
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sedimentary structures suggest that the fades v«s deposited from 
suspension in low energy environment , A characteristic feature of 
this facies is thinly interlayered bedding, which is rather common 
in Intertidal flats and river esturaies (Reineck and Singh, 1980). 
facies and its {)osition 
The occuranco of marine fossils within thet immediately below 
the fossiliferous wackestone-packstone facies at Tamria and Hutwee 
suggest involvement of basinal processes in i ts deposition. Since the 
facies overlies an upward-fining channel fill sequence at Surpan, 
Tamria and Hutwee, it represents deposition at the end of a channel 
migration. The facies was deposited from suspension under quiet water 
condition, at the end of a channel migration, when supply of elastics 
became deficient and marine influence increased. 
Terrigenous Micrite Facies 
Description: 
The facies occurs only in the eastern part of the study area 
at the localities Walpur, Hutwee, Khurwat and Tamria where the 
thicknesses of the facies range from 1 m to 4.5 m. The facies 
comprises yellow-brown, thiiily laninated terrigenous micrite (Platte XVI A) often 
interbedded with very fine calcareous sandstones. Bioclasts are scarce 
and difficult to identify because of recrystall ization. Laminated and 
brecciated crusts, intraclasts and pisoli t ic structures are common. 
The facies generally forms the topmost part of different sections 
and shows extensive replacement by cryptocrystalline si l ica. In the 
Plato XVI (A) Terrigenous rnicrite facies. Note scarce , r o c r y s -
ta l l ized bioclas ts near the bottom left and to;) 
r ight of the photograph (x 54, uncrossed) . 
(B) Foss i l i ferous packstone containing poorly sorted 
and large bioclas ts (x 64, unc rossed) . 
£ 
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Walpur section this facies has a maximum thickness of 4.5 m and 
occurs at the base of the section. Here the facies shows an upward 
change from continuous wavy bedding to nodular bedding concomitant 
with an upward increase in shale content from 5 per cent to 20 per 
cent. 
Interpretation: 
This facies represents intert idal-supratidal deposition as 
is evedenced by laminated and brecciated • crusts , intraclasts and 
plsolitic structures. The facies may have been deposited during the 
period of low sil iciclastic influx or in isolated pools or along base 
with in sil iciclastic tidal flats. The facies shows characterist ics 
of the facies belt 8 of the carbonate depositional model constructed 
by Wilson (1975) which represents very shallow, cut off lagoons and 
coastal ponds with restricted circulation. 
Fosslliferous Wackestone - Packstone Facies 
Description: 
This facies occurs in the eastern part of the study area, 
associated with terrigenous micrite and shales, at the localities Walpur, 
Hutwee, Khurwat and Tamria. The facies is 10 cm to 2 m thick. In 
the Tamria section, this facies occurs at two horizons, the first one 
is very thin (10 cm thick) and occurs interbedded with planar and 
trough cross bedded sandstones. The facies comprises white to light 
grey fosslliferous wackestones - packstones which show persistent 
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wavy and sometimes lenticular and nodular bedding. The bedding 
thicknesses range from 4 to 12 cm. The wackestones and packstones 
(Plate XVI B) 
contain bioclasts of bryozoa, echinoderm and gastropods e tc / The 
bioclasts are poorly sorted and include very large fragments of 
bryozoa. Some echinoderms grains are glauconitized. A thin band of 
intraclastic bryozoa grainstone lies at the top of this facies at Hutwee. 
The intraclasts comprising dark brown micrite show variable size 
and roundness. In the upper part of Khurwat Section, the fossiliferous 
wackestones and packstones are overlain by terrigenous micrite. 
Interpretation: 
The facies shows characteristics of facies belt 2 (open sea 
shelf facies) and facies belt 7 (open marine platform facies) of the 
Wilson Model, both of which in many respects are similarly formed 
(Flugel, 1982). However, claose association of the facies with the 
terrigenous micrite facies (Facies belt 8) favours an origin in the 
facies belt 7. This implies deposition in open lagoons, bays and 
s t ra i ts with moderate water circulation, normal marine to somewhat 
hypersaline conditions, and shallow water depth, generally a few 
metres to tens of metres deep. 
FACIES ASSOCIATIONS 
The various li thostratigraphic sections measured in the study 
area showed much vertical facies variations. However, a broad cyclic 
association of facies is descernible in the various sections, especially 
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in the eastern sector of the study area (Fig. 46). The various facies 
can be arranged into two types of associations: (1) an upward-fining 
facies sequence consisting of three facies which are , from base upward, 
cross bedded sandstone facies, flaser bedded/r ipple bedded sandstone 
facies, and horizontal bedded sandstone facies; (2) a carbonate, shale 
association comprising fossiliferous wackestone-packstone, terrigenous 
micrite and shales. 
The upward fining sequence comprising the three facies is 
well developed in the eastern sector of the study area, especially 
at Tamria where it is considerably thick (45 m thick) and shows 
thickly developed individual facies. At other localities in the eastern 
sector the upward fining facies association is developed on a smaller 
scale and their thicknesses range from 5.5 to 12.5 m. The association 
is overlain by carbonate-shale association, and underlain by flaser 
bedded/ripple bedded sandstone facies. At Hutwee two fining upward 
facies associations are superimposed. The western most locality of 
the study area, Surpan also shows a well developed upward fining 
facies association which is overlain by carbonate-shale association, 
as in the eastern sector. 
The upward fining facies association was deposited in subtidal 
and intertidal channels. The cross bedded facies (mostly trough cross 
bedded) forming the base of the association represents within channel 
sediment deposited in deeper subtidal part of an estuarine channel 
where marine influence was more pronounced. The over - ly ing flaser 
165 
UMRALI 
KHURWAT 
TAMRIA 
WALPUR HUTWEE Z2 
I N D E X 
Corbonol * Shale Assoclofion 
Laminated Si l ts tone-Shale / 
Horizontal Bedded Sandstone 
Flaser Bedded /Ripple Bedded 
Sandstone 
Cross Bedded Sandstone 
WEST EAST/SOUTH 
< 
NORTH 
VERTICAL SCALE 
5m 
HORIZONTAL SCALE 
5 K m 
J 
Fig. 46 Cretaceous fades associations in the eastern sector of Rajpipla-
Jobat area, Lower Narmada basin. 
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and r ipple bedded sandstone facies was deposited mainly in the inter-
tidal environments. 
The laminated siltstone-shale facies forming the top of the 
upward fining sequence represents deposition on inter channel 
flats. The facies sequence in the western part of the study area 
(Fig. 47) is rather different from the well organised upward fining 
sequence generally observed in the eastern sector. The channel fills 
in the western sector are characterized by abundance of planar cross 
bedded facies and absence of flaser and r ipple bedded sandstone 
facies as well as carbonate- ,shale association. That the channels 
were braided is evidenced by several features such as lack of internal 
organization, abundance of tabular sets of cross bedding, both upward 
fining and upward coarsing grain size and cuts-and-f i l l structures 
(see Vfelker and Cant,1984,Collinson,1970). These channels flowed transverse to 
the Narmada embayment and brought sediment from highlands at the 
basin margin. 
The carbonate shale association comprises three facies which 
include terrigenous micrite facies, fossiliferous wackestone-packstone 
facies and shales. The terrigenous micrite facies was deposited in 
very shallow cut off lagoons and coastal ponds with restricted circula-
tion, during the period of low sil iciclastic influx. With an increase 
in the depth and circulation of water, fossiliferous wackestone-
packstone facies were deposited. The carbonate shale association thus 
represents deposition in water of restricted to moderate circulation 
where depth ranged from a few metres to tens of metres. 
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Fig. 47 Cretaceous facies changes In the Western sector of RMr,ir,,« 
Jobat area, Lower Narmada basin. Rajpipla-
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DEPOSITIONAL MODEL 
The Cretaceous sediment in the Rajplpla-Jobat area of the 
lower Narmada Basin were deposited in channels, interchannels flats, 
lagoons and bays. There were large, deeper estuarine channels that 
flowed westward along the basin. Transverse channels brought 
sediment from the Satpura highlands located at the southern boundary. 
These channels were braided, tidally influenced and dominated the 
western sector of the area. The interchannel areas, especially in 
the estuarine part , were occupied by mud flats. 
When channels migrated and supply of clastic sediment ceased, 
sediments of carbonate-shale association were deposited in ponds, 
lagoons and bays. 
CHAPTER - VII 
SUMMARY AND CONCLUSIONS 
The thesis mainly deals with petrography and depositional 
history of the Cretaceous sedimentary rocks in the Rajpipla-Jobat 
area of the lower Narmada basin. The study is based mainly on 
measurements of li thostratigraphic sections, and thin section petro-
graphic study. 
Eleven well exposed sections in the study area were 
measured and described. Their thicknesses range from 10.5 to 63 m. 
They consist of mainly sandstones interbedded with subordinate 
shales and carbonate rocks. The emphasis is therefoe on sandstones. 
Textural study of the sandstones included grain size 
analysis and estimation of roundness and spherici ty . The sandstones 
are generally fine to medium grained, moderately well to moderately 
sorted, fine skewed to near-symmetrical and platykurtic to lepto-
kurt ic . The grains are generally subangular to subrounded. Two-
th i rds of them are of low sphericity and one-third of high 
spherici ty . 
Vertical variation in grain size parameters was studied at 
six localities with sufficient data. On the basis of vertical var iabi-
li ty of grain size parameters, one or more depositional units were 
recognised in each section. Some units show an upward increase or 
decrease in mean size and sorting. However, in many depositional 
170 
units vertical trends are not clear, especially in the case of skewness 
and kurtosis . 
Detrital composition of the sandstones was studied with a 
view to interpreting the plate tectonic setting of their provenances 
and to analysing the influence of other factors on composition of the 
sandstones. The sandstones are 88 per cent quartzarenite, 7 per cent 
subarkose, 3 per cent sublitharenite and 2 per cent arkose. 
Modal composition of the sandstones matches the composition 
of basement rocks. The later comprise granites and gneisses of Lower 
Proterozoic - Archean, Lovv grade meta-sedimentary rocks of Middle 
Proterozoic Aravalli Supergroup and Champaner Group, and Middle 
and Upper Proterozoic granites and ultrabasic rocks. The sediments 
were yielded both by meta-sedimentary/sedimentary cover rocks 
(Aravalli Supergroup) and the basement granite gneiss. The sand derived 
from cover rocks show affinity with detritus shed from recycled orogen. 
Destruction of felspar under humid tropical palaeoclimate 
and by leaching during diagenesis has been responsible for the 
generally highly quartzose nature of the sandstones. Compositional 
maturity of the sandstones does not match i t s textural maturity. Most 
samples are texturally immature to submature with subrounded to sub-
angular grains. The sands were locally derived and were not subjected 
to much reworking. The sandstones do not represent highly mature 
detritus of a truly stable platform succession. 
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An integrated petrofacies approach suggests that the sediments 
were derived from two sources-highly weathered basement rocks and 
fault-bounded basement uplift. The sediments accumulated without much 
transport and reworking within the incipient rift belt of the Narmada 
basin. The originally quartzo-felsphatic sands derived from uplifted 
granite-gneiss sources were modified by diagenetic processes, especially 
leaching and destruction of felspars. Only a few arkosic sandstones 
are s t i l l preserved. These, together with high ratio of polycrystalline 
to monocrystalline quartz in some samples evidence tectonically active 
terrane. 
In the Early Cretaceous, the Narmada area was located in 
the heart of Gondwanaland and the climate was humid tropical. The 
area was peneplaned and must have been a craton for a very long 
time. Except for the Cretaceous sediments, there is no rock-record 
of any sedimentary basin earlier to Precambrian. The Late Cretaceous 
Narmada basin originated on an Early Cretaceous peneplane as an 
incipient rift along the ancient line of weakness, the Narmada-Son 
lineament, as a result of intraplate stresses generated prior to break-
up of the Gondwana continent and extrusion of basaltic flows which 
are dated 69-65 Ma. The Late Cretaceous Narmada basin was more 
like an elongate embayment following roughly the Narmada lineament. 
The basin opened westward into a shallow shelf sea and 
westerly regional palaeoslope is evidenced by a gradual drop in 
elevation of the basement and considerable thickining of the Cretaceous 
]7^ 
sedimentary sequence towards west. In the context of this regional 
setup sediment was dispersed within the Narmada basin mainly down 
the westerly regional palaeoslope, and rarely up-slope. 
Palaeocurrents reconstructed on the basis of large-scale cross 
bedding azimuths lie parallel to the elongation of the sand bodies 
which represent channel f i l ls . The channels were tidally influenced 
and 180° reversal of currents was common within the channels. The 
channels flowed both across and along the Narmada basin. The along 
channels were larger, deeper and being estuarine had a greater marine 
influence. The across channels were shallow, braided and brought 
sediment from the Satpura highlands located towards south. 
Five types of clastic fades and two essentially carbonate 
fades were identified. The clastic fades include, planar and tabular 
cross bedded sandstone fades , trough cross bedded sandstone fades , 
f laser/r ipple bedded sandstone fades , horizontal bedded sandstone 
fades and laminated siltstone-shale f a d e s . Carbonate fades are 
represented by terrigenous micrite and fossiliferous wackestone/ 
packstone. 
A broad cyclic association of fades is discernible in the 
various measured sections, especially in the eastern part of the study 
area. The various fades can be arranged into two types of associations: 
an upward fining fades sequence and a carbonate-shale association. 
The upward fining fades association originated in larger, deeper 
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estuarine channels that flowed westward, along the basin. Towards 
the southern margin of the basin, braided channels drained the Satpura 
highlands. Being located in the coastal zone, these channels were 
also tidally influenced. The braided channels dominated the western 
part of the area. The interchannel areas, especially in the estuarine 
part , was occupied by mud flats. When channels migrated and supply 
of clastic sediment ceased, sediment of carbonate-shale association 
was deposited in shallow ponds, lagoons and bays. 
After deposition, the sediments were hurried upto an 
approximate depth of 2000 to 3000 m, as is evidenced by average 
volume of porosity reduction and nature of grain to grain contacts. 
Three types of cements occurring in the sandstones include, in order 
of their formation, quartz, iron oxide and calcite. 
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